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Chairman’s Letter 


May 15, 1987 


Dear VREW Participants: 


Another good VREW session was held in Boise, Idaho. Approximately 170 people attended this year’s 
meeting. It was good to see an increase in interest and participation this year and special thanks go to the 
Work Group Chairmen who developed and conducted their part of the program. 


There has been interest in the annual publication that VREW publishes each year. A recent article was 
published in a trade journal which has increased the demand for copies of the 40th annual report. There 
are copies still available if any participant wants or knows of someone in need of a copy. 


My general observation of the Boise meeting was that there was good attendance in each of the sessions 
with no specific area commanding greater attention for technology transfer or information exchange. We 
were also pleased at the turnout for the business meeting following the session. Past business meetings 
have usually been attended by only a few individuals, but this year more people were involved in VREW 
and wanting to know VREW’s future. 


VREW will continue, but its success will depend upon each person’s participation and commitment in 
the future. 


We were pleased to be invited to the Commerical Exhibitor’s meeting and discuss opportunities for 
greater participation from the exhibitors in VREW activities. The group elected Jim Truax to be their 
representative for the future year. 


The 1988 VREW workshop will be held in Corpus Christi, Texas, February 13-14. | hope to see you 
there. 


Sincerely, 


Lert i, Cuber 


GERALD A. HENKE 
Chairman, Vegetative Rehabilitation 
and Equipment Workshop 
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Information contained in this report has been developed for the 
guidance of employees of the Forest Service, U.S. Department of 
Agriculture, its contractors, and its cooperating Federal and State 
agencies. The Department of Agriculture assumes no responsibility for 
the interpretation or use of this information by other than its own 
employees. 


The use of trade, firm, or corporation names is for the information 
and convenience of the reader. Such use does not constitute an 
official evaluation, conclusion, recommendation, endorsement, or 
approval of any product or service to the exclusion of others that 
may be suitable. 


Sunday — Feb. 8 


Opening Remarks .......... Gerald A. Henke, Chairman 
Vegetative Rehabilitation and Equipment Workshop 

History and Progress of VREW........... Dan McKenzie 
Forest Service Equipment Development Center 

San Dimas, CA 

Structural Range Improvements. . . Bill Hardman, Chairman 


Forest Service, Missoula, MT 


Status of Range Improvement Handbook. . .Brad McBratney 
Forest Service Equipment Development Center 
Missoula, MT 


COMMONESENSeEENCOmee nye eeewsss Seed se us) «yous. 2» Jim Zrust 
AMF Inc., Charfield, MN 
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Bureau of Land Management, Washington, D.C. 
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Bureau of Land Management, Boise, ID 


Equipment and Techniques for Prescribed 
Eo rm Rat ages ast aap xcs eel oo HE Sans Bob Webber 
Boise Interagency Fire Center, Boise, ID 


Plant Materials Workshop—The Influence of the CRP on 
Reale SCCOING Farce acters) wrk cooks Wendall Oaks, Chairman 
Soil Conservation Service, Plant Materials Center 
Los Lunas, NM 
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Soil Conservation Service, Washington, D.C. 


SSCCCUIRUCN ISLE Vine Wee relent arig av lever Were) Art Armbrust 
Sharp Brothers Seed Co., Healy, KS 


Seed Harvesting Equipment. 0224)... osc. aes John Type 
The Type Co., Lockney, TX 


Advancement on New Series for Range and 
Wi i Ne Rt cuees 6. o Sx ass. * Jack Carlson 
Soil Conservation Service, Portland, Or 


Summary and Discussion ...........-. Wendall Hassell 
Soil Conservation Service, Denver, CO 


Agenda 


Arid Land Seeding Control and Removal of Plant 


Competition —. —. ee Harold Wiedemann, Chairman 
Texas Agricultural Experiment Station 

Vernon, TX 

Mechanical CONtOl 2.3 cet a yek eee oe 2 ats Mark Mosley 


Soil Conservation Service, San Angelo, TX 


ChemicaliControl "227. eee ee ee Pete Jacoby 
Texas Agricultural Experiment Station 
Vernon, TX 


Seedbed Preparation and Seeding. ....... Richard Stevens 
Utah Division of Wildlife Resources 
Ephraim, UT 


Seedbed Preparation’: .. .: 2. +. 2 Marshall Haferkamp 
Agricultural Research Service, Burns, OR 


Broadcast, Drill and Interseeding ........ Dale Turnipseed 
Idaho Fish and Game Department, Jerome, ID 


Mixed Plantings, Variable Size, and Trashy 


SeedS ees eee hs skins Harold Wiedemann, Chairman 
Texas Agricultural Experiment Station 

Vernon, TX 

Summary and Discussion ...........-.- Richard Stevens 


Utah Division of Wildlife Resources, Ephraim, UT 


Monday — Feb. 9 


Seed Production, Harvesting, and 


ProGessing: a Acai icra: cick? = Steven Monson, Chairman 
Forest Service, Shrub Sciences Laboratory 

Provo, UT 

Field: Culture tytes-0hcjope tena eee oO Jack Carlson 


Soil Conservation Service, Missoula, MT 


Wildland Production and Collection ...... Kent Jorgensen 
Utah Division of Wildlife Resources, Ephraim, UT 


Seed Certification, Germination, and Purity 


Standards 
Equipment Needs—Collection and Processing . . . Phil Simms 
Agriculture Research Service, Woodward, OK 
Information and Publications. .... Dick Hallman, Chairman 
Forest Service Equipment Development Center 
Missoula, MT 
IntTrOdUCTION sees ca at ne aren Dick Hallman, Chairman 
Forest Service Equipment Development Center 
Missoula, MT 


How to Provide Range Improvement Information 
to: Users Persia. ie hcae emer tee John Vallentine 
Brigham Young University, Provo, UT 


Research and Equipment Development 


Needs Sa spa a ee con eee ree Steven Monson 
Forest Service, Shrub Sciences Laboratory 

Provo, UT 

Equipment Development Needs... . . Harold T. Wiedemann 


Texas Agricultural Experiment Station 
Vernon, Texas 


VREW Business Meeting............. Gerald A. Henke 
Forest Service, Washington, D.C. 


History and Progress of VREW 


Dan W. McKenzie, Forest Service, San Dimas, California 
Text from History of the Vegetative and Equipment 
Workshop (VREW) 1946-1981, USDA Forest Service 
Missoula Equipment Development Special Report 8222 
2805, 1982. 


The Vegetative Rehabilitation and Equipment Workshop 
(VREW) is an informal organization interested in developing 
and testing revegetation equipment and providing 
information about suitable equipment to land managers. 
Formerly known as the Reseeding Equipment Development 
Committee (1946-1958) and, later, as the Range Seeding 
Equipment Committee (1958-1974), VREW is mainly con- 
cerned with equipment for rangeland improvement and 
disturbed land reclamation. 


VREW is an informal, ad hoc group without by-laws, 
membership requirements, or dues. Meetings are held each 
winter, usually in conjunction with, and just prior to, the 
annual meetings of the Society for Range Management. 
Most of the workshops have been held in the Western United 
States. Workshop participants review accomplishments, 
discuss development activities, and present new information 
concerning revegetation equipment or techniques. 


Reports 


VREW includes representatives from Federal and State 
agencies, universities, industries, and other organizations. 
Foreign countries such as Canada, Mexico, Kuwait, Niger, 
Morrocco, Kenya, Argentina, and Australia contribute to 
the VREW. Several Federal agencies are also actively involved 
in VREW. Major funding agencies have been the Forest 
Service (FS), the Agricultural Research Service (ARS), the 
Extension Service-Natural Resources (EXT-NR), and the Soil 
Conservation Service (SCS) from the Department of 
Agriculture (USDA); and the Fish and Wildlife Service (WS), 
the Office of Surface Mining (OSM), the Bureau of Indian 
Affairs (BIA), and the Bureau of Land Management (BLM) 
from the Department of Interior (USDI). State agencies such 
as Fish and Game departments, Highway departments, and 
extension services have contributed personnel and facilities 
for field tests and evaluation. In recent years, industries, 
including equipment manufacturers, seed suppliers, mining 
companies, ranches, and consulting firms, have become 
increasingly involved in VREW. 


The chairman of VREW has traditionally been the Assistant 
Director of the Forest Service Range Management Staff in 
charge of Cooperative Programs (Fig. 1). This allows adminis- 
tration and coordination of range and resource programs 
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Figure 1.--Organization of the Vegetative Rehabilitation and Equipment Workshop (VREW). 


with the Equipment Development Centers at San Dimas, 
Calif. (SDEDC), and Missoula, Mont. (MEDC). The VREW 
Chairman handles many of the administrative details of the 
workshop, acts as a liaison among agencies, and heads both 
the Steering and Exploratory Committees of the workshop. 


The steering Committee comprises representatives from each 
major funding agency. They examine the projects and set 
priorities according to field needs, then assign the approved 
projects to existing workgroups or, if necessary, create new 
workgroups to accomplish special projects. Workgroups 
that have accomplished their purpose are phased out or 
incorporated into other workgroups. 


The Exploratory Committee is composed of the chairmen of 
the VREW workgroups, members of the Steering Committee, 
and selected personnel from the Equipment Development 
Centers. It meets annually to examine project proposals for 
VREW. Project proposals originate from a variety of sources 
including surveys of field personnel, spin-offs from previous 
development work, and suggestions from researchers, 
ranchers, or other interested individuals. 


The workgroups are responsible for developing project 
proposals, monitoring progress, directing field testing, 
evaluating results, and discussing new developments in their 
areas of interest. Each workgroup also reports its activities to 
the entire VREW organization during the annual meetings. 
These reports, along with papers presented during the 
meetings, are published every year. All VREW reports are 
distributed on an extensive mailing list compiled for VREW. 


Workgroup meetings are held several times during the year at 
the discretion of the workgroup chairmen or at the con- 
venience of the members. The cohesion and structure of 
VREW are largely maintained by the various workgroups. 
Members generally have varied backgrounds and are drawn 
together by common interests. The workgroup structure 
fosters cooperation and promotes good working relationships 
among individuals from various agencies, industries, and 
organizations. 


VREW works very closely with the Forest Service Equipment 
Development Centers where most of the actual project work 
takes place. SDEDC and MEDC planners, project leaders, and 
support staff identify equipment needs, evaluate commercial- 
ly available equipment, design, construct, and test equip- 
ment, and publish reports, films, and slide tapes. In addition, 
they provide technical services that involve answering routine 
requests, maintaining and updating drawings and specifica- 
tions, attending seminars and special courses, and determin- 
ing the benefits and cost of equipment development projects. 


Many successful development projects and other accomplish- 
ments have resulted from the unselfish cooperation that has 
been characteristic of VREW. These efforts serve as an 
example of what can be done through cooperative efforts. 
Membership is open to anyone interested. 


VREW’s roots go back to World War II, when more wool 
and beef were needed to sustain the war effort. With increas- 
ed demand for sheep and cattle, officials sought to increase 
productivity from National Forest rangelands. However, 
many of these lands, already suffering from a long history of 
abuse, could not support additional livestock without sub- 
stantial improvement. Range seeding had been demonstrated 
by small-scale tests in the 1930’s, but additional research was 
necessary to implement large-scale seeding efforts. The 
research was approved and seeding tests were initiated 
throughout the West. 


The range seeding test program proved successful, but 
several problems needed to be solved before it could be 
effectively expanded. A major problem was that the equip- 
ment commercially available at that time was designed for 
crop production on farmland and was poorly adapted to the 
rough terrain, rocky ground, steep slopes, and dense brush 
encountered on rangeland. 


A conference of Forest Service researchers and administrat- 
ors was held in 1945 to discuss the state-of-the-art in range 
seeding and what needed to be done. Participants at the 
conference recognized that a major effort was needed to test, 
adapt, or develop suitable equipment for range seeding and 
other improvements. An interregional administrative research 
committee was established to work with the staff at the 
Forest Service Equipment Development Center at Portland, 
Oregon. Center personnel joined the group to add their 
expertise to help solve rangeland equipment problems. The 
Center also provided the necessary facilities and equipment 
for the development efforts. Eventually this work was moved 
to the Center at Arcadia, California. In the late 60’s some 
range equipment development work was started at MEDC. 


The conference group became known as the Reseeding 
Equipment Development Committee. In 1958, it changed 
its name to the Range Seeding Equipment Committee, and, 
later, became VREW. The first formal committee meeting 
was held in Portland, Oregon on Dec. 9-11, 1946. 


A. Denham, L.A. Dremolski, T.P. Flynn, A.C. Hull, F.H. 
Kennedy, and J.F. Pechanec attended and J.F. Pechanec was 
appointed chairman. Other chairmen throughout the years 
have been A.C. Hull, W.W. Dresskell, W.D. Hurst, F.C. Curtis, 
F.J. Smith, J.S. Forsman, A.B. Evanko, B.F. Currier, J.S. 
Tixier, V.L. Thompson, and T.V. Russell. 


During the first meeting, the committee formed a charter to 
“Consider, evaluate, and assign priorities to equipment prob- 
lems suggested by the several Forest Service Regions . . . 
prepare a program of work each year for the Forest Service 
Equipment Laboratory to follow... (and) perform an 
essential function by drawing up specifications for the most 
desirable makes and models of equipment for range seeding.” 


The committee worked closely with the Equipment 
Development Center. Ted P. Flynn, Tom Coldwell, and Gene 
Silva of the Centers kept up enthusiasm and contributed to 
the success of many early projects. 


The first few annual committee meetings were attended 
exclusively by Forest Service personnel from various Regions 
and Stations. After the American Society for Range Manage- 
ment (later the Society for Range Management) was founded 
in 1948, the Range Seeding Equipment Committee met at 
the same time to encourage attendance at both meetings. 


Other agencies soon became interested in the Range Seeding 
Equipment Committee. Representatives of the BLM and SCS 
attended the committee meeting at Denver, Colorado, in 
January 1949. A great deal of controversy existed at that 
meeting concerning the name and purpose of the committee. 
The debate resulted in a better understanding of the 
committee charter. Later that year the committee objectives 
were expanded to: ‘1) Evaluate available equipment suitable 
for range seeding (and brush control) and if none is satis- 
factory, suitable equipment (shall) be designed, constructed, 
and tested under guidance of the committee; 2) Prescribe 
specifications and standards for purchase, maintenance, and 
use of equipment and materials; 3) Function as a clearing- 
house for . . . information, and 4) Act in an advisory capacity 
... in range seeding and undesirable plant control policies 
and procedures.” 


At times, the survival of the Range Seeding Equipment 
Committee seemed doubtful. Attendance at most of the 
early meetings was low. However, the enthusiasm and ded- 
ication of committee members attracted other land managers 
facing similar equipment difficulties. As committee efforts 
expanded, several other agencies became involved in 
committee meetings and activities. In 1951, BLM first 
contributed funds for committee projects. The BIA and SCS 
added financial support in 1955 and 1956, respectively. 
Interagency participation and funding has helped insure the 
survival and success of the Range Seeding Equipment 
Committee and VREW. 


During the 1955 meeting, the committee decided to function 
as an informal organization without restricting membership 
or participation by interested agencies or indivuals. This 
structure has encouraged participation from groups with 
diverse interests and has promoted a free exchange of infor- 
mation. Over the years, many Federal agencies, State 
agencies, universities, and industries have cooperated with 
the committee, and VREW, by contributing funds for special 
projects, participating in field operations and evaluation, or 
supplying materials and equipment for testing. 


The informal structure and extensive cooperation have 
helped VREW accomplish its stated goals. 


The Vegetative Rehabilitation and Equipment Workshop, 
VREW, is a forum to provide exchange of ideas to enhance 
the development and dissemination of technology used in 
improving rangelands and surface-mined spoils. To better 
identify an equipment development project, VREW may: 


1, Promote an understanding of the ecology of the land 
to be treated as a first step in modifying or designing new 
equipment. 


2. Utilize cost efficiency in evaluating proposed projects 
for selection. 


3. Improve equipment evaluation through consultation 
with interested or affected Federal, State, and private 
organizations, and individuals. 


The scope of VREW activities has inevitably broadened since 
the committee began. Investigation and development efforts 
have moved from seeding and seedbed preparation equip- 
ment to mechanical plant control, chemical application, 
prescribed burning, contour furrowing, water developments, 
structural improvement, seed gathering, and related func- 
tions. 


The Range Seeding Equipment Committee formally changed 
its name to Vegetative Rehabilitation and Equipment Work- 
shop (VREW) in 1974 to better reflect the diversity and 
broadened scope of its support and interest. Today, most 
Federal and several State land management agencies are 
represented in VREW. In addition, universities and industries 
are becoming increasingly involved. VREW activities range 
from evaluating improved seedboxes for rangeland drills to 
establishing a computerized inventory of suitable plant 
materials. 


A growing emphasis is also being placed on collecting and dis- 
tributing current information about equipment and tech- 
niques for rangeland improvement and disturbed land re- 
vegetation. The Range Seeding Equipment Committee has 
supplied several useful publications, including the Range 
Seeding Equipment Handbook, Chemical Control of Range 
Weeds, Operating Hints for Equipment Used in Range Re- 
vegetation and others. 


V REW is increasing the effort to provide land managers with 
pertinent, up-to-date information. Much of this information 
is published in newsletters, Equip Tips, Project Records, 
VREW annual reports, service and parts manuals, operations 
handbooks, and the Cata/log—Revegetation Equipment. These 
publications should help land managers make informed 
choices about available equipment and techniques for their 
specific needs. 


VREW equipment development and test (ED&T) projects 
have encompassed a wide variety of needs. VREW achieve- 
ments have resulted in effective and economic improve- 
ments of many rangelands, critical watersheds, and other 
areas that might not have been possible otherwise. The 
interest, dedication, and cooperation among VREW members 
has produced a unique combination of knowledge, talent, 
and experience necessary to meet the growing demand for 
range rehabilitation equipment and techniques. VREW will 
continue to supply new ideas, better equipment, and current 
information as long as this demand persists. 


Low-Volume Irrigation Pumping with Wind 
Power 


R. Nolan Clark, Agricultural Engineer, Southern Plains Area 
Conservation and Production Research Laboratory, USDA 
ARS, Bushland, Texas (Presented by Dan W. McKenzie, 
USDA Forest Service, Equipment Development Center, 
San Dimas, California 


Water-lifting windmills may serve as an alternative to engine- 
driven pumps for low-volume irrigation systems. The water 
lift of the 8-ft American multibladed windmill may exceed 
150 ft (46 m) with a discharge capactiy up to 3 gpm 

(0.7 m?/hr), while the discharge of the 12-ft for the same lift 
may exceed 7.7 gpm (1.7 m3/hr). One of the recent research 
approaches to improving the overall efficiency of the 
American windmill is the variable stroke mechanism. With 
such a mechanism, the windmill will start at lower 
windspeeds and pump water approximately proportional 
to windspeed cubed rather than to windspeed as is the case 
without the mechanism. With doubled or tripled volumes of 
pumped water, the windmill may provide enough water for 
low-volume irrigation systems. However, such a mechanism 
is still at the experimental level and more field testing is 
needed. 


A comprehensive laboratory and field study on the American 
multibladed windmill has been started (November 1986) 
by the Agricultural Research Service at the USDA 
Conservation and Production Research Laboratory, 
Bushland, Texas, with the following objectives: (1) To 
develop pumping and efficiency curves of the conventional 
windmill under different windspeeds and loads; (2) to test 
different variable stroke mechanisms in an effort to improve 
overall efficiency and to increase total volume of pumped 
water; (3) to model the windmill performance and study the 
feasibility and cost effectiveness of the improved units; 
and (4) to evaluate the potential of pumping water for low- 
volume irrigation systems, particularly drip systems. 


The laboratory phase of the experiment involves testing the 
performance efficiency of the various parts of the windmill 
and evaluating the engineering feasibility of different designs 
of the variable stroke mechanism. Also, the data acquisition 
system for strain, discharge, and power input and output 
will be tested in the lab before field installation, which is 
scheduled for April 1987. 


Field performance data from two windmills, one 
conventional as a control and the second with the variable 
stroke mechanism, will be collected using a high-speed data 
acquisition system. Different pumping lifts will be simulated 
from a 12-m deep sump, and various pump cylinder sizes will 
be tested. A drip system will be supplied with pressurized 
water directly from the windmill, and the overall system 
performance will be evaluated. 


Range Structural Improvement Handbooks 


Richard J. Karsky, Agricultural Engineer, USDA Forest 
Service, Equipment Development Center, Missoula, MT 


As part of the continuing effort to provide information to 
land managers about suitable revegetation techniques and 
equipment, the Vegetative Rehabilitation and Equipment 
Workshop (VREW) has consolidated structural improvement 
handbooks now scattered through several federal agencies 
into four volumes. Each volume describes a facility’s com- 
ponents, uses, advantages and disadvantages. It presents 
information on costs, safety and environmental concerns, 
and construction features. Where applicable, suggestions for 
redesign or new concepts for future development are in- 
cluded. Pertinent books and articles are cited. 


The volume on Handling, Sheltering, and Trailing Livestock 


describes facilities needed to handle horses, sheep, and cattle, 


and facilities built to confine and control animals during 
sorting, weighing, transporting, or while applying pesticides 
or insecticides. The handbook details various kinds of corral 
systems, restraining facilities like chutes, cradles, and tables, 
and also describes miscellaneous facilites like scales and 
dipping vats. Sheds, shade shelters, windbreaks, and feeding 
and watering facilities are discussed as well as trailing 
livestock along driftways and driveways and through water 
crossings. 


Fences describes the most common kinds of fences and gates 
used to control the movement of livestock, other animals, 
and people in the continuing effort to better manage grazing 
and protect people, animals, and vegetation. Electric, barbed 
wire, and a variety of wooden fences are detailed. 
Components and construction techniques are presented 
along with the advantages and disadvantages of specific 
designs and materials. Comparative costs are included and 
safety and environmental concerns are discussed. 


Water—Pumping and Piping presents in general terms what 
the range manager needs to know to design an effective 
rangeland water system. Dug, bored, driven, jetted, and 
drilled wells are described. Electric, solar, and wind-powered 
pumps are discussed. Piping includes a description of 
common plastic, steel, and copper pipe and discusses the 
advantages and disadvantages of each as well as the most 
effective methods for joining pipe. Principles of water flow 
are presented. The handbook provides the manager with an 
overview for effectively interacting with experts in con- 
struction and legal requirements. Comparative operating 
and maintenance costs are presented and environmental 
concerns are discussed. 


Water—Damming and Storing describes the advantages and 
disadvantages of earth, cement, and other less common dams 
and presents information on how to choose the most 
effective site for a dam. Details on constructing and main- 
taining dams as well as often encountered problems are 
included. Storage tanks are described in detail and construc- 
tion, maintenance and site selection are included. Special 
developments like guzzlers, rubber-lined reservoirs, and rain- 
traps are described. 


Fences and Facilities for Handling, Sheltering, and Trailing 
Livestock are being printed and will be distributed soon. 
Water—Pumping and Piping is in production and should be 
distributed by December. Water—Storing and Damming 

is being reviewed by range experts and should be distributed 
early in 1988. 
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Common Sense Fencing 


Billy H. Hardman, Range Implementation and Special 
Programs, USDA Forest Service, Northern Region, Missoula, 
Montana 


New design and materials have made possible a concept in 
fencing that out-performs barbed wire and woven wire by a 
factor of at least 4 to 1 in all areas of animal control, main- 
tenance, effective product life, installation requirements, 
and cost. The Common Sense Fence (TM) is the first perman- 
ent, multiple wire, long distance electric fence capable of 
providing 20 to 30 years of reliable, low-maintenance service. 
Remember, initial purchase price is only part of the total 
cost picture. Installation and maintenance costs over a 20- 
to 30-year fence life become significant when you consider 
the susceptibility of barbed and woven wire to wear and tear. 
The Common Sense Fence will ordinarily be on the job 2 to 
4 times longer, take half the labor to install, and require less 
than one-quarter the time to maintain. 


Four major advancements have been designed for this fencing 
system. They are: 


1) A complete fiberglass self-insulating wire support 
system, posts and corners, 


2) Latest solid-state electric technology controller, 
3) Heavily galvanized 12-4 gauge high-tensile wire, and 
4) Free-flowing spring-clip for attaching wire to posts. 


Electric fences form a psychological rather than a physical 
barrier, so livestock stay away from the fences. Electricity 
rather than wire mass acts to control animals, so fewer posts 
and wires are required for livestock control. Corners and 
braces are easier to install for wood fences. The wire is more 
resistant to breakage and easier to string. Materials are easier 
to handle. 


Aligned Fiber Composites, AFC, Inc., Hiway 52 South, 
Chatfield, MN manufactures the component parts for the 
Common Sense Fence. 


Fence Developments 


Dan W. McKenzie, Mechanical Engineer, USDA Forest 
Service, Equipment Development Center, San Dimas, 
California 


Invisible Fence 


The Invisible Fence Company of Wayne, Pennsylvania, 

markets a fencing system that is not visible and is designed 
to contain dogs within a given area. The system consists 
of the following elements: 


1. A thin wire which is buried 1 to 3 inches in the ground. 


2. A small radio transmitter, commonly located in a 
garage. 


3. A lightweight leather dog collar with a transistorized 
radio receiver. 


4. A conditioning or training program for the dog. 


The radio transmitter sends a pulsed radio signal through 
the buried wire that encircles the containment area. When 
the dog comes within a preset distance (5 to 30 feet) of the 
buried wire, the receiver attached to the dog’s collar picks 
up the radio signal and activates an audible warning tone— 
a beeping noise that warns the dog to move back. If the dog 
ignores the tone and doesn’t move back within 2 seconds, it 
receives a mild shock. The dog will continue to receive 
shocks until it moves away from the signal zone of the wire. 


The company has done some work in livestock control and 
is interested in this field. The complete address of the 
company is: 


Invisible Fence Company, Inc 
One Devon Square Building 
Suite #225 

724 West Lancaster Avenue 
Wayne, PA 19087 

(215) 964-0600 


Single and Double Fence Braces 


In constructing either a diagonal or horizontal fence brace, 
calculations indicate that a single brace 11 feet long (5.5 
times average wire height) or longer is as strong or stronger 
than a double brace with two 8-foot panels. These calcula- 
tions indicate that the need for double fence braces is un- 
necessary and their added cost is not justified provided that 
the members of a single brace are strong enough to carry the 
applied loading. 


Portable Data Collection Field Terminals: Selecting 
the Best One For Your Needs 


Meg Frantz, Applications Engineer, Omnidata International, 
Inc. Logan, Utah 


Introduction 


There are many problems associated with traditional 
methods of collecting data in the field. Paper strip charts 
and field notebook pages are vulnerable to smearing, tearing, 
and staining. The necessary gear is often cumbersome. And 
finally, the collected data must be reduced, often by hand, 
and entered into a computer for further analysis. Both are 
time-consuming and error-prone processes. 


Electronic recording devices, whether for ongoing monitoring 
(e.g., weather stations) or for recording a human observer’s 
measurements (e.g., the typical range transect), remove the 
difficulties encountered with strip charts and clipboard- 
and-pencil. Taking advantage of miniature electronics, they 
can be made truly portable. When housed in suitably rugged 
cases they can withstand the rigors of the outdoors. Since the 
data is recorded in digital form, it can be transferred directly 
to computer through a cable. This capability means that no 
one has to digitize from charts or keypunch from field 
sheets, which results in not only savings of time but also 
increased data quality. 


What is a Portable Data Collection Field Terminal? 


Field practitioners are turning to portable data collection 
terminals for recording what they formerly wrote in note- 
books or on data sheets. These are small handheld devices 
with a keyboard for data entry. They resemble portable 
lap computers in terms of their memory and computational 
power. However, they typically have smaller keyboards and 
displays, and may remind you initially of the bulky hand 
calculators introduced fifteen or twenty years ago. They all 
feature a communications port for transmitting the collected 
data to a printer, microcomputer, or main frame computer. 


How to Select Your Data Collector 


In evaluating a portable data collector for purchase, here are 
some things to consider: 


Is it suitable for my environment? 


Electronics have limitations with respect to hot and cold 
temperatures, and no microprocessor or circuitry will 
function properly if wet. Check the manufacturer’s spec- 
ifications for operating temperature range, particularly if you 
work in environmental extremes. You will find differences 
across models. Check the construction of the unit as well, 
for its ability to keep out water and dust. Are all openings 


sealed? Will the keyboard permit water or dirt to enter? 
Since water tight construction costs a little more, some 
users in arid environments have opted to purchase a ‘‘water 
resistant” rather than ‘‘water proof” unit, and slip the 
terminal inside a plastic bag on occasional wet days. There is 
definitely a risk of losing field time or data this way, and you. 
need to evaluate for yourself the comparative costs. 





Omnidata International produces the polycorder, a portable 
data collector for laboratory and field application. 


What tradeoffs shall | make with keyboard and display 
design? 


Both keyboard and display are limited on portable data 
collectors, and you’ll need to decide for yourself how impor- 
tant size is. It’s easier to work with larger keyboard and 
display, but it may not be easier to haul them around in the 
field all day. 


One approach to keyboard design is to scale down a normal 
typewriter keyboard, with the result that keys may be too 
small to manipulate properly with gloved or cold hands. 
Another approach is to reduce the number of keys on the 
board and use shift or function key prefixes to generate all 
the numeric and alpha characters. The drawback here is that 
the number of keystrokes may be increased significantly. 


Both LED displays, the red light-up displays, and LCD 
displays, the Black-on-gray matrix displays, are typical on 
data collectors. Be aware that the LED display, which looks 
bright in your office, will be washed out and perhaps un- 
readable in bright sunlight. 


What sort of power supply is needed? 


Most portable data collectors are powered either by alkaline 
batteries or rechargeable nickel-cadmium batteries. Your 
real concern is the amount of operating time between battery 
changes or recharge cycles, and the manufacturer should be 
able to provide you with estimates. Power loss will result in 
loss of data, so most systems feature a backup battery in 
addition to the main battery. Generally, the unit will display 
some type of low battery warning. Some models even turn 
themselves off when power drops below a threshold, pre- 
venting you from draining the batteries completely. 


How flexible is the device? 


All portable data collectors allow you flexibility at least for 
labeling data and defining field widths. Others are fully 
programable so that you can devise your own input prompts, 
error checks, and editing criteria, much as you would ona 
microcomputer. The more programing power you have, the 
more applications you will find for the data collector. 
But, of course, more work is required from you at the outset. 


Some data collectors are programable from the keyboard 
only, rather like a handheld calculator. Others allow you to 
write the source code on your computer using a text editor 
or word processor, and then load that code onto the data 
collection terminal. Still others provide a compiler to run on 
your microcomputer so that the program version you load 
onto the data collector is already in executable form. 


In certain widely used applications, such as timber cruising, 
you may have the option to purchase the data entry program 
from the manufacturer. If you decide to go this route, 
clarify whether you may modify the program yourself or if 
the unit must be sent back to the factory to be reprogramed. 


Does it have enough memory? 


Since data storage schemes vary from device to device, and 
since the rate at which you can collect data varies from one 
application to the next, it’s difficult to say how much 
memory is enough. If you were punching numbers into the 
terminal at the rate of two per second, you would use up 
about 29,000 bytes in an 8-hour day. Thus, a 64,000-byte 
data collector is probably ample for most applications, 
assuming you can dump data to a computer once per day. 
As technology changes, memory capacities on portable data 
collectors have typically become large enough that memory 
size is no longer a critical parameter when selecting a model. 


Is it compatible with my computer (or printer)? 


Most portable data collectors are equipped with RS-232 
serial ports, although a few models have parallel RS-232 
ports or IEEE ports either as a standard or optional feature. 
The designation ‘“RS-232” or “IEEE” refers to an 
industry-wide standard specifying voltage levels, control and 
data format, and pin functions for communications ports. 
Make sure that the unit you are considering has the same 
port designation as your computer or printer. 


Beyond selecting a data collector with a compatible port, 
you will eventually need to select the proper cable for 
communicating with your computer, and configure both 
computer and data collector with compatible 
communications protocol before everything runs smoothly. 
This task can be a source of frustration to users, particularly 
if you are unfamiliar with computer communications. Talk 
with the sales representative or the manufacturer’s customer 
service division. Try to get a feel for the degree of support 
they will give you and their level of expertise in this area. 
Ask to see the data collector’s documentation on communi- 
cations. Good support and documentation may be well 
worth a higher price tag on the unit. 


Mechanical Control 


Mark Mosley, Range Conservationist, Soil Conservation 
Service, San Angelo, Texas 


Texas offers quite a stage for using a variety of mechanical 
brush control practices. Different brush that requires 
different methods of control occurs on each major land 
resource area of Texas. The most important consideration 
for planning brush control is the desired objective. The needs 
of wildlife, kinds of livestock to be run, production goals, 
future land values, and financial resources influence the 
manager’s decisions. 


Heavy Equipment 


Rootplowing—a large blade mounted onto the rear of a 
bulldozer undercuts target brush plants at a depth of 18 
inches. The advantages are long-term control, high moisture 
retention, and preparation of a good seedbed. Disadvantages 
include high costs, as much as $40 per acre and up. This 
treatment is non-selective and must be done in patterns to 
retain wildlife habitat. Reseeding is needed as existing plants 
are usually destroyed. Noxious plants such as prickly pear 
can be spread this way. 


Treedozing—a blade is mounted on the front of a crawler 
tractor for individual removal of noxious plants. This method 
is selective, allowing the operator to remove only the un- 
wanted plants. Seeding is optional and depends upon the 
range condition. Disadvantages include high costs and high 
maintenance. Costs of $30 per acre are common. Treedozing 
can be done on areas of shallow soils that would limit 
rootplowing. Noxious plants can be spread this way. 


Chaining—a large anchor chain is pulled between two bull- 
dozers. This method is cheap, costing about $7 to $10 per 
acre. Grasses respond quickly following treatment. However, 
many brush species resprout following treatment and re- 
growth is more difficult to kill than the original growth. 
This treatment is non-selective and can spread many species. 
It must be used in combination with other treatments such 
as prescribed burning, aerial spraying, or goats. 


Rollerchopping—a large drum with blades mounted perpen- 
dicular to the line of travel mashes and crushes brush plants 
to the ground. Costs are about $20 per acre. Results are 
similar to chaining. 


Shredding—industrial shredders mounted either on bull- 
dozers or self-propelled mow the target brush species. Costs 
can exceed $25 per acre. Shredding kills very few plants. 
Follow-up treatment will be needed. Maintenance costs will 
be high. 


Low-Energy Grubbing—a blade is mounted on either the 
front or the rear of a farm tractor or small dozer. This 
method offers relatively low costs ranging from $4 to $20 
per acre, depending upon the skill of the operator, density o 
brush, size of the brush, and the terrain. Because of the smal 
size tractors, maintenance costs are lower than for heavy 
equipment. Rubber-tired equipment needs modification to 
reduce flats. This method is selective and can be used to 
thin stands to tolerable densities. It also greatly extends the 
life of more costly treatment such as rootplowing. Ground 
disturbance is minimal compared to that produced by heavy 
equipment. 


Hand Treatment—prickly pear and certain species of juniper 
can be controlled by hand grubbing or by axing. Labor 
shortages and high labor costs limit the use of this practice. 
However, it is selective. 


Carpet Roller—a rolling drum with a carpet attached is 
mounted to the front of a small tractor. Herbicide is sprayed 
on the roller as it passes over brush species. For this method 
to be effective, the brush must be small enough to allow the 
tractor to run over it. This method minimizes drift, cuts cost, 
and can be used as an effective follow-up to other methods. 
Not many of these rollers exist. 


Disc Chain—an anchor chain is fitted with heavy discs and 
pulled behind a crawler tractor. This equipment is more 
commonly used to prepare seedbeds on rangeland but could 
be useful in maintaining small brush where reseeding is 
needed. This method costs from $10 to $15 per acre. This is 
an excellent tool for seedbed preparation but is limited 
because few disc chains are available. 


Chemical Control 


Pete W. Jacoby, Professor, Texas Agricultural Experiment 
Station, Vernon, Texas 


Despite many restrictions limiting their use, herbicides 
remain a key method of controlling unwanted plants in 
range and pastureland. Herbicides are popular with land- 
owners because they are cost effective, quickly applied, 
selective in the plants controlled, and non-disturbing to the 
soil surface. The purpose of this presentation is to discuss 
the more prevalent herbicides available for rangeland use and 
their status and attributes. 


Herbicides can be divided into two general categories based 
on their method of application and entry into the target 
plant—foliar-absorbed and root-absorbed. Of the 
foliar-absorbed group, 2,4-D is the oldest and best-known 
product. It is manufactured by numerous companies and is 
an effective control agent for broadleaf weeds and several 
varieties of brush including big sagebrush. EPA has recently 
shown reluctance to register new formulations containing 
2,4-D and certain special interest groups would like to see 
the product banned from use. 


Other effective foliar-absorbed herbicides are dicamba and 
picloram. Dicamba is a product of Sandoz and is a good weed 
control chemical that is effective on certain varieties of 
woody species. Picloram is a product of Dow that is effective 
on a wide variety of weeds and brush. Both picloram and 
dicamba are mixed with other herbicides such as 2,4-D to 
broaden the spectrum of control. Such mixtures must be in 
accordance with Section 2EE of FIFRA and be approved in 
the state where they are used. Several new foliar-absorbed 
products have been introduced into the rangeland market 
and include triclopyr and clopyralid from Dow and 
metsulfuron methyl from DuPont. Triclopyr is currently 
available only in Texas, Oklahoma, and New Mexico. The 
DuPont product is being tested in Texas and New Mexico 
under an experimental use permit for controlling broom 
snakeweed. Clopyralid from Dow recently received a federal 
label and will be marketed largely for mesquite control, 
although recent data from Utah indicates the product can 
achieve sagebrush control without damaging associated 
desirable shrubs such as bitterbrush and serviceberry. 


Root-absorbed herbicides for rangeland use include 
hexazinone from DuPont and tebuthiuron from Elanco. 
Hexazinone is a liquid that is applied to the soil surface 
near the target plant. A colored dye facilitates treatment by 
enabling the applicator to see which plants have been treated. 
Tebuthiuron is a pelleted herbicide incorporated into the 
soil by rainfall and can be broadcast by hand or aerial 
methods. 


Generally, fewer new products are being developed for 
rangeland markets. However, effective products are avail- 
able for controlling many species of unwanted plants. Major 
research and management efforts will be required to integrate 
these products into general management schemes for 
treatment longevity and cost effectiveness. 
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Seeding Chaffy Grass Seed and Grass Seed Mixtures 


Harold 1. Wiedemann, Texas Agricultural Experiment 
Station, Vernon, Texas 


A chaffy grass seed metering device developed by the Texas 
Agricultural Experiment Station (TAES) has largely 
overcome the severe dispensing problems associated with 
these grasses. The semi-circular seedbox, auger agitator, and 
pickerwheel metering system has easily metered 97 percent 
of seed from the seedbox at relatively uniform, predictable 
rates for seven, notoriously hard-to-seed grasses. To seed 
grass mixtures with both chaffy and slick-seeded grasses, 
two separate seedboxes and metering systems are required. 
Conclusions from tests with a six-species seed mix used in 
land reclamation in the western United States were: 


1) Galleta and fourwing saltbush metered well both 
individually or as a mix with the TAES chaffy metering 
device. 


2) Winterfat metered better in a chaffy-seeded mix than 
individually. 


3) Ephedra, Indian ricegrass, and shadscale metered best 
as a mixture dispensed from a slick-seed metering 
mechanism. 


4) The mixture of all six species could be metered with 
the TAES device but considerable variation was present 
within the mix. 


5) Best field results would be obtained by filling the 
seedbox before 85 percent of the seed had been dispensed. 


The improved performance of the TAES metering device 
has resulted in six drill manufacturing companies adopting 
the seed metering concept. 
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How to Provide Range Improvement Information to 
Users 


John Vallentine, Utah Division of Wildlife Resources, Great 
Basin Experiment Station, Ephraim, Utah 


What information—special treatments, structures, develop- 
ments for rangelands. 


Who are users—range technicians, ranchers, public land 
managers and administrators, agribusiness personnel, 
service/support, educators, students, etc. 


What’s already available 


1: 


2: 


a 


Range improvements courses (required by OPM) 


Text: Range Development and Improvements 


. VREW and SRM papers 
. Rangelands and JRM 


. VREW publications (state-of-the-arts, annual 


proceedings, pamphlets) 


. RI literature finding aids 


a. Bibliography of Agriculture 

b. U.S.—Canadian Bibliography (1935-1937) 

c. U.S.—Canadian Bibliography (1978-1980) 

d. U.S.—Canadian Bibliography (1981 to present) 
e. “Selected Literature” in Rangelands 

f. Computer search services 


Field days, field trips, tours, workshops 


What VREW could/should do! 


1. 


Continue VREW workshops (in conjunction with 
SRM). 


. Continue state-of-the-art publications. 


. Direct more short articles to Rangelands and other 


semi-technical magazines. 


. Cooperate with Extension Service on fact sheets for 


notebooks series. 


. Develop an annual price/cost release for RI practices. 


. Work with one university in developing a home study 


course in RI. 


. Host or co-host state or regional workshops (example: 


Twin Falls in 1981 and Elko in 1982). 


. Provide guidelines/assistance for agency inservice 


workshops or self-training efforts. 


. Develop audio-visuals (slide series, film strips, TV 


video cassettes). 
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Equipment Development Needs 


Harold 1. Wiedemann, Texas Agricultural Experiment 
Station, Vernon, Texas 


Problems with the Past 


Much of the equipment developed for range improvement 
on federal lands, and more especially equipment design 
projects were undertaken with little regard for economics. 
Machines were built bigger, heavier, bulkier and more costly 
to operate. Cost of installations far exceeded the capacity 
of the land to justify the operation even when aesthetics 
were considered. Consequently, range improvement practices 
were gradually de-emphasized, especially during the high 
inflation of the 1970’s and cost accounting of the 1980's. 
As a judgmental factor, we must ask ourselves, “How much 
of the equipment designed by VREW has ultimately been 
utilized by the private sector?” 


Future Survival 


The key to VREW’s survival is innovative new approaches. 
These include development of both equipment and 
techniques for effective rangeland improvements. Short-term 
action may necessitate publication of current technology, 
but long-term stability will require new technology. Many 
new demands will be placed on federal lands by the public 
and cost accounting will be ever present; however, this will 
open many new opportunities. 


Opportunities for the Future 


Land is our foremost resource, and it should be considered 
in a holistic view. Therefore, we should be considering 
challenging new alternatives for future rangeland improve- 
ments. These will include: 


Conservation—Replacement of plants that degrade with 
plants that enhance the land and retard erosion. 


Water—Water from rangeland may soon be our most 
valuable commodity and municipalities may encourage the 
seeding of plants that enhance the quality and quantity of 
water runoff. 


Grazing—The value of wildlife may become more impor- 
tant than livestock and range plant control and seeding will 
be directed to improve wildlife habitats as well as habitats 
for the cohabitation of both wildlife and livestock. 


Aesthetics—Plants that are pleasing to the eye may 
encourage seeding such things as wildflowers and other 
appealing plants, and the use of selective thinning to improve 
habitats for both humans and animals. 
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Agronomic/forest crops—Planting of crops in selected 
areas may enhance the survival of animals and assist in the 
establishment of permanent forage plants. 


Opportunity for Design 


1. Development of machinery to control plants based 
on growth patterns of the plant and better adaptation of 
hydraulics for highest machine efficiencies. Example: 
low-energy grubbing. 


2. Development of plant sensing spray booms for more 
accurate and safe individual plant treatments with herbi- 
cides. 


3. Development of seedbed preparation equipment based 
on plant growth requirement and novel new design. 
Example: disk-chain. 


4. Development of improved seed metering and 
placement devices for both ground and aerial seeding. 


5. Development of new innovations for seed harvesting 
and processing. Example: Woodward Flail-Vac Seed Stripper 
and Woodward Seed Conditioning System. 


Develop and Test Disk-Chain Implement 


Harold T. Wiedemann, Texas Agricultural Experiment 
Station, Vernon, Texas 


Introduction 


With 150 million acres of rangeland in poor condition in the 
western United States, a critical need for revegetation exists 
(Wiedemann et al., 1985). The invasion of brush on much 
of this rangeland further complicates the problem since 
costly removal methods are required before seeding equip- 
ment can be used. Interest in seeding rangeland with 
improved grasses has been present for over 40 years, but the 
practice has been severely limited by the high cost of con- 
ventional techniques. 


Disk-chaining, which utilizes a diagonally pulled anchor 
chain with disk-blades welded to alternate links (Fig. 1), 
appears to be an economical method of preparing seedbeds 
on log-littered, rootplowed rangeland, and results appear 
reliable under a broad range of conditions (Wiedemann and 
Cross, 1982 and 1985). It is well suited to covering extensive 
acreages, and when combined with aerial seeding, the 
practice may offer a practical method of converting depleted 
rangeland to productive grassland. A cost-effective system 
could presently be used on 50 million acres. 


All previous disk-chaining studies have been conducted on 
rootplowed land. However, it appears that the disk-chain 
could be used on undisturbed native rangeland infested with 
low growing shrubs to gain limited brush control and to 
prepare a seedbed for range revegetation. Information is 
needed concerning the amount of draft and operating mass 
required for adequate disking action on undisturbed range- 
land soil. 


Objectives 


The objectives of this study were: 1a) to compare the disk- 
chain draft requirements of the triangular and diagonal 
pulling techniques, 1b) to improve the design of the 
triangular systems, and 2) determine the draft requirements 
and depth of cut of six disk-chains of different operating 
masses in disturbed rangeland soil and undisturbed, native 
rangeland of clay loam and sandy loam soil types. 





Fig. 1. Disk-chain developed by the Texas Agricultural Experiment 
Station for seedbed preparation on rough, log-littered rangeland. 
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Development of Triangular Disk-Chain 


Development of the triangular method of pulling disk-chains 
with a single tractor has substantially increased the potential 
for its use compared to the early diagonal method which 
required two tractors. The two pulling techniques are 
discussed in detail by Wiedemann and Cross (1985), and 
portions of that research have been included in this report 
to enhance the design and future use of disk-chains. 


Disk-chain and Pulling Procedures 


Disk-chains constructed from 1 and 7/8- and 2-inch anchor 

chains and 24-, 28- and 30-inch disk blades were utilized in 

prior tests. Resulting operating masses were 74, 79 and 123 

Ibs/blade for the 1 and 7/8 x 24, 1 and 7/8 x 28, and 2 x 30 
disk-chains, respectively. 


In the triangular pulling configuration, shop-made swivels 
were attached to each end of each disk-chain gang (Fig. 2). 
The front end of each gang was attached to a corner of a 
small triangular shaped plate. A towing chain, attached to 
the third corner of the plate, was pulled from the drawbar 
of a crawler tractor. The rear portion of each gang was 
attached to a 28-foot rolling brace. The brace’s center 
20 feet was 12-inch O.D. pipe and the outer ends were made 
from 7 and 7/8-inch O.D. pipe. Hubs for each end of the 
rolling brace were made from Caterpillar! D-6 track idler 
rollers. Small cleats were welded to the large pipe to assure 
rolling action. The clevis connection between the chain and 
the hub was constructed so the disk-chain’s angle of pull 
(width of operation) could be varied. 


The chain’s angle of pull was measured from the line formed 
by direction of travel of the pulling tractor to the line 
formed by the disk-chain so that a wider angle resulted in a 
wider operating width. This pulling angle measurement was 
established in earlier draft studies (Wiedemann and Cross, 
1982). Chains were pulled at 40-, 50-, and 60-degree angles. 


In the diagonal pulling configuration (Fig. 3), the two 
disk-chain gangs were pinned together and attached with 
swivels between two tractors as outlined by Wiedemann and 
Cross (1982). All tests with the diagonal technique used 
its optimum pulling angle. 


1 ’ : . ae 

Mention of trade name is for identification only and does not 
imply an endorsement or preference over other products not 
mentioned. 
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Fig. 2. Plan view of triangular pulling configuration. 






DIAGONAL 
SYSTEM 





Fig. 3. Plan view of diagonal pulling configuration. 


All operating width comparisons were based on chain length 
using the following formula: 


W=(L* P *Sing)+A 
12 


where: 


W = operating width, feet 

L = number of chain links 

P = pitch, inches 

@ = angle of pull, degrees 

A = width of attachment hardware located in the center 
portion of the triangular chain, feet. 


Draft tests were conducted in well-tilled clay loam soil with 
a soil moisture content of 10 percent and cone index (Cl) 
of 228 psi (ASAE standard procedure, maximum value 
between 0 and 8 inches). 


Angle of Pull 


When pulling the disk-chain in the triangular configuration, 
the 60-degree angle of pull resulted in significantly less 
(P<0.01) average draft than for the 40- and 50-degree 
angles. Soil cutting was judged adequate for all disk-chains 
at all angles. Thus, the 60-degree angle was selected for 
optimum performance. A plot of the percentage change in 
draft with a reduction in the pulling angle from 60 to 40 
degrees is illustrated in Fig. 4. 


PERCENTAGE CHANGE IN DRAFT 


“335 49 45 50 55 6o.~«O«S 


ANGLE OF PULL IN DEGREES 


Fig. 4. Percentage change in draft when angle of pull is adjusted 


from optimum 60 degree position for the triangular pulling technique. 


Data adapted from Wiedemann and Cross (1985). 





Draft Reduction 


When contrasting pulling techniques, the optimum method 
of pulling each system was used: i.e., 45-degree angle for the 
diagonal system and 60-degree angle for the triangular 
system. The triangular technique reduced draft require- 
ment by 36 percent compared to the diagonal system 
(164 contrasted to 257 Ibs pull/blade and values were 
significantly different, P<0.001). Additionally, the trian- 
gular pulling method increased operating width by 23 
percent. The operating width of our 60-degree triangular 
unit was 24.3 feet. 


Roller Design 


The initial 24.3 foot roller constructed from 12-inch O.D. 
pipe worked very well over a broad range of field tests with 
the 1 and 7/8-inch anchor chain. However, the proposed 
tests utilizing 2/2- and 3-inch anchor chain required operating 
widths up to 40 feet. It was evident after several trial pulls 
that a flexing roller of a larger diameter was necessary. 
Final design was a 20-inch O.D. roller of %4-inch wall thick- 
ness with a centrally mounted joint capable of flexing only 
in a vertical direction when the disk-chain was in motion 
The flexing joint is held rigid in the horizontal 

direction by a 22-inch O.D. pipe brace extending from the 
flexing joint (pin connection) to the triangular 

pulling plate at the head of the disk-chains (clevis 
connection). This allowed the roller to flex vertically 

(up and down), yet remain rigid horizontally (forward and 
backwards), and the center brace could oscillate sideways to 
facilitate a change in the pulling direction. Hubs for the 
roller and flexing joint were made from Caterpillar D-8 track 
carrier rollers. A telescoping roller design was used to facili- 
tate the many changes in operating width during testing, 

A 7 and 7/8-inch O.D. pipe with 3/8-inch wall 

thickness was used for the shaft of the telescoping extension. 
The telescoping design is not recommended for a commercial 
unit. It is further recommended that large, heavy-duty hubs 
be constructed using a 4-inch diameter shaft for improved 
strength over the track-roller hubs we used. The flexing roller 
appears necessary when operating widths are over 25 feet 
based on experience of the authors. 


15 


Influence of Operating Mass on Disk-Chain Performance 


Equipment and Procedures 
Disk-Chain 


Six disk-chains were constructed using 1 and 7/8-, 2/2- and 
3-inch anchor chains and 24- and 28-inch diameter notched 
disk blades. Operating mass per blade (weight of two chain 
links plus one disk blade) was 74, 97, 130, 154, 204 and 
228 Ibs for the 1 and 7/8 x 24, 1 and 7/8 x 28, 2/2 x 24, 
2% x 28, 3 x 24 and 3 x 28 disk-chains, respectively, Table 1. 
All units were pulled in a triangular pulling configuration 
which utilized two gangs of disk-chains held in place by a 
rolling brace, Fig. 7. Each gang consisted of 10 blades and 
21 chain links. Details of the triangular system and method 
of testing are explained by Wiedemann and Cross (1985). 
The angle between the roller and the line formed by the 


disk-chain was 30 degrees [angle of pull was 60 degrees]. 
Operating width was 87 percent of chain length plus 36 
inches of attachment hardware located in the center of the 
chain. Our widths were 25.8, 33.5 and 39.5 feet for the 
1=7/8-, 22- and 3-inch chains, respectively. The flexing, 
20-inch diameter roller with a telescoping extension for 
operating width adjustment was used with all disk-chains. 
All tests were conducted at 3 mph over a randomly selected 
1,000-foot test run. Depth of cut was determined for each 
treatment replication from three randomly located sample 
transects perpendicular to the direction of implement travel. 
Twenty depth measurements, one for each disk blade, were 
taken in each transect. 


Table 1. Disk-chain specifications 


Disk blade 
dia x thick 


Chain link 

dia pitch 

in 

1 7/8 x 24 24 x 1/4 
1 7/8 x 28 28 x 3/8 
2% x 24 24x% 
2% x 28 28 x 3/8 
3 x 24 24x% 


3 x 28 28 x 3/8 


Disk-chain 
Length Operating? 
1-gang width mass/blade 


Roller! 
length 
pin/pin 


Blade 
spacing 


ft in Ib 
27.8 


15 74 


15 97 
20 130 
20 154 
24 


24 


Roller 20 inch OD diameter with % inch wall thickness, pin to pin length. 

? Triangular system with 30 ° angle between roller and line formed by disk-chain. 
Width equals 87% of length of two gangs plus 36 inches of attachment hardware. 
Mass/blade equals weight of two links plus one disk-blade. 
Each gang had 21 chain links and 10 disk blades. 
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Study Area 


The rangeland site near Vernon, Texas was Hollister clay 
loam soil which had been cleared of brush by rootplowing 
15 years prior to our study. Native herbaceous production 
was 2,023 Ibs/ac (oven dried), and this location was termed 
“undisturbed”. The cone index (Cl) value of this soil at time 
of disking was 351 psi (maximum value between 0 and 3 
inches) as determined by procedures in ASAE Standard 
$313.2. Additional measurements and specifications to 
quantify soil conditions at time of testing are reported in 
Table 2. A second location adjacent to this site had been 
rootplowed 14-inches deep to remove stumps then disked 
8-inches deep. Hard red winter wheat was seeded following 
disking, and 2,844 Ibs/ac of mature wheat was present on 


the site at the time of our tests. This site was termed 
“disturbed” and the Cl value of the soil was 164 psi. Soil 

at the second rangeland site, near Paducah, Texas, was Miles 
fine sandy loam and undisturbed. Native herbaceous pro- 
duction of this site was 883 Ibs/ac plus a sagebrush 
(Artemisia filifolia) infestation of 1531 plants/ac. The Cl 
value of the soil was 1,238 psi. 


Soil moisture conditions at the time of our tests were near 
or below wilting point for all soils, Table 2. This resulted in 
high soil strength measurements (CI values) and especially 
in the sandy loam. These conditions, however, reflect the 
more probable condition of rangeland needing renovation. 


Table 2. Physical characteristics of soils and herbaceous vegetation for research sites. 


Depth of Soil! 
sample moisture 


inches % psi 


ASAE Cone? 
index 


Moisture retention? 
wilt point field capacity 
% 


Undisturbed Hollister clay loam 


35120 
398 + 23 


Disturbed Hollister clay loam 
164415 
livoetals 


Undisturbed Miles fine sandy loam 
1238 + 20 
1238 plus 


1 10 samples 
2 ASAE Standard $313.2 with 0.2 in? point, 100 samples, maximum value 
3 10 samples, wilt point = 10 bar, field capacity = 1/10 bar 


Herbaceous? 
vegetation 
Ibs/ac 


Sand sagebrush? 
density 
plants/ac 


canopy 


2023 + 24 
2844 + 378 
883 


Undisturbed clay loam 
Disturbed clay loam 
Undisturbed sandy loam 


1 10, 0.25-m? quadrates clipped, oven dry wt. 
2 25 pts., PCQ technique 
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Recording Device 


Drawbar pulling force was measured with a load cell attached 
in the towing chain. Data were stored in a tractor-mounted 
microprocessor with a memory chip and later recorded with 
a portable printer (Wiedemann and Cross, 1983). 


Statistical Analysis 


Treatments were arranged in a completely randomized block 
design with four replications for each soil condition. Com- 
parisons were by one-way analysis of variance with mean 
separation using Duncan’s method. Linear regression analysis 
was utilized to describe the relationship between draft or 
depth (Y) and operating mass per blade or cone index (X) 

as the independent variables. The combined influence of 
mass and soil strength (cone index) on draft or depth was 
determined by multiple linear regression techniques. All 
+ values following means are standard errors unless otherwise 
stated. 


Results and Discussion 
Draft Requirements 


Draft per blade was significantly different (P<0.01) for each 
disk-chain and was positively correlated to operating mass 
per blade (r? = >0.98) for each soil condition, Table 3, 4 
and 5. Therefore, draft can be predicted for a combination of 
chain and blade sizes within the range of operating masses 
tested. Addition of 1 pound of mass resulted in an increase 
of 1.9 pounds of draft in both the clay loam and sandy loam 
undisturbed soil and 1.8 pounds in the disturbed clay loam. 
Draft varied from 126 Ibs/blade for the 74 Ib/blade (1 and 
7/8 x 24) disk chain to 444 Ibs/blade for the 228 Ib/blade (3 
x 28) disk-chain, Table 3 and 4. Draft appeared to be 
influenced very little by soil type or condition. The 
coefficient of determination (r?) of 0.98 for draft on mass 
for all conditions indicated the linear relationship Y = 0.18 
+ 1.86X with a standard deviation of 14 Ibs is a valid predic- 
tion equation over a broad range of conditions. This pre- 
diction equation is graphically illustrated in Fig. 5. The 
regression equations developed to predict draft for each soil 
condition are listed in Table 4. 


Depth of Operation 


Soil cutting was visually judged unsatisfactory for the 

1+7/8- chains (74 to 97 Ibs mass/blade), fair for the 2.5-inch 
chains (130 to 154 Ibs mass/blade) and good for the 3-inch 
chains (204 to 228 Ibs mass/blade) in the undisturbed clay 
loam with a Cl = 351 psi. Depth of cut measurements 
supported these observations. Minimum depth was 1.8 
inches for the 1-7/8 x 24 disk-chain and maximum depth was 
3.3 inches for the 3 x 24 disk-chain, Table 3. Depths of cut 


POUNDS OF DRAFT PER BLADE 


for the 2/2- and 3-inch chains were significantly greater than 
the 1-7/8-inch chain. The regression equation for depth on 
mass was Y = 1.34 + 0.009X with an r? of 0.82 for this 
soil condition. This prediction is very dependent on soil 
strength and is of little value unless a trend can be developed 
for various Cl values. 


In the undisturbed sandy loam which had a very high Cl 
value of 1238 psi, disking action was unsatisfactory for the 
1-7/8-inch chains, poor for the 24-inch chains and fair for 
the 3-inch chains. Depth of cut for the 1-7/8 x 24 disk-chain 
was only 1.0 inch and maximum cutting depth was only 
2.0 inches for the 3 x 24 disk-chain, Table 4. Penetration 
depths of the 22- and 3-inch chains were significantly greater 
than the 1-7/8-inch chain. The depth on mass regression 
equation was Y = 0.40 + 0.007X with an r? of 0.89. 
Commercial disk-chaining in hard soils of this nature will 
require two passes with the heaviest units for satisfactory 
soil and plant disturbance or the operation should be 
conducted when soil moisture is higher than the soils wilting 
point. Results of a second pass with the disk-chain gave a 
curvilinear relationship for draft on mass described by the 
formula Y = —632.8 + 184.5 log X, r? = 0.99, in this soil. 


DISK-CHAIN PERFORMANCE 


DEPTH OF CUT IN INCHES 


CI=1238 pei 


. BEST PERFORMANCE. - 





1g =i 15817 BS 
OPERATING MASS PER BLADE IN LBS 


73 


Fig. 5. Predicted draft ( 14 Ibs) and depth of cut (+ 0.1 inches) 
of disk-chains pulled at 3 mph in native rangeland soil of various cone 
idexes (CI in psi). Prediction formulae, standard deviations and 2 
values are listed in Table 4. 


Table 3. Disk-chain operating characteristics at 3 mph in Hollister clay loam soil’. 


Disk-chain Operating Plowing 
size mass Draft depth 
inches Ibs/blade Ibs/blade inches 


Undisturbed soil —— Cl = 351 psi -- 3.06 mph + 0.01 


1 7/8 * 24 74 138 a 1.8a 
1 7/8 * 28 Oi, 184 b 2.1a 
22s 24 130 259 ¢ 2.8 b 
2/228 154 293 d 3.0 b 
Sy e246 204 383 ¢ 3.3b 
SeeeS 228 444 f 3.155 


Disturbed soil —— Cl = 164 psi —— 3.14 mph + 0.07 


1 7/8 * 24 74 138 a 2.7 a 
1 7/8 * 28 Oy 180 b 2.9 a 
Qj 2% 24 130 256 c¢ 3.8 b 
21/2 * 28 154 297d 4.2b 
3 * 24 204 346e 4.8¢ 
sms 228 428 f 4.9¢ 


1 ASAE Cone Index data in Table 2. Values within columns followed by the same letter are not significantly different 
at the 5% level. 


Table 4. Disk-chain operating characteristics at 3 mph in undisturbed sandy loam soils’. 


Disk-chain Operating Plowing 
size mass Draft depth 


inches a Ibs/blade Ibs/blade inches 


Miles fine sandy loam —— Cl 1238 psi —— 3.03 mph + 0.06 
17/8 x 24 74 126 a 
17/8 x 28 97 161 b 
21/2 x 24 254¢ 
220026 272d 
3 x24 380 c 
3x28 228 408 f 


Draft of second pass in the Miles soil -— 2.99 mph + 0.09 
17/8 x 24 74 Sg 


21/2 x 24 180 277b 
Smexae24. 204 343 ¢ 


1 Values within colums followed by the same letter are not significantly different at the 5% level. 
ASAE Cone Index data in Table 2. 
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Table 5. Prediction equations for draft or depth (Y) of various operating masses (X) 
of a disk-chain pulled in different soil conditions. 


Regression equation 


Standard deviation 


Draft (Y) in lbs/blade on mass (X) in Ibs/blade 


Clay loam Y= 
Clay loam Y= 
Sandy loam 
All soils Y= 


333 Gita nex 
—2.34 + 1.93X 
Y = —10.46 + 1.88X 
0.18 + 1.86X 


Depth (Y) in inches on mass (X) in Ibs/blade 


Clay loam Y= 
Clay loam Y= 
Sandy loam Y= 
All soils Y= 


Disking action in the disturbed clay loam soil with a Cl of 
164 psi was fair for the 1-7/8-inch chains, good for the 
22-inch chains and very good for the 3-inch chains. Depth 
of cut was 2.7 inches for the disk-chain with the lightest 
mass and 4.8 inches for the unit with the heaviest mass. 
The units with 3-inch chains appeared to be operating at 
near maximum depth. The equation Y = 1.65 + 0.015X well 
defined the mass on depth relationship with an r? value of 
OS; 


Combination Effects 


Utilizing both operating mass (M) and maximum cone index 
(Cl) for the top 3 inches of soil to determine their relation- 
ship to draft resulted in the equation Y = 0.016 + 1.93 M — 
0.009 Cl with r? = 0.97. Mass was highly sinificant (P<.001) 
and cone index was not significant (P>0.1). Thus, there was 
an advantage in this combination and the equation was not 
used for predictions. 


Utilizing the same two independent variables, mass and Cl, 
appeared to be very helpful in predicting the depth of cut. 
Mass in |bs/blade was positively correlated to depth 

(r = 0.50) and cone index was negatively correlated 

(r = —0.78), and both variables were significant (P<0.01). 
The prediction equation for depth of cut in inches was Y = 
2.25 + 0.01 M — 0.002 Cl with a standard error of the 
estimate of 0.5 inches and an r? of 0.86. 
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1.65 + 0.015X 
1.34 + 0.009X 
0.40 + 0.007X 
TelS0(01X 


Optimization 


Optimizing disk-chain size, draft and performance narrows 
the window of success but still a variety of options are 
viable. These options are illustrated in Fig. 5 and are 
bounded by an operating mass between 130 and 204 pounds 
per blade, draft between 242 and 380 Ibs/blade and depth of 
operation between 1.3 and 4.7 inches. Nine different size 
chains are available for the conditions listed. 


High soil strength caused by the lack of soil moisture re- 
flected the probable condition of rangeland needing 
renovation. Therefore, the 3-inch chain with 24-inch 
diameter disk blades at 204 Ibs/blade operating mass would 
be the optimum choice for all conditions. If the disk-chain 
was going to be used predominately in disturbed or more 
friable soils (less than 351 psi Cl) the 2%-inch chain with 
24-inch blades (130 Ibs/blade operating mass) would be a 
better choice. 


Additional Considerations 


We observed during testing that the 24-inch blades generally 
remain in a more vertical position than 28-inch blades. The 
larger the blade diameter the greater the torque to twist the 
blade from the vertical position for a given force at the base 
of the blade. This was evident in some tests where the more 
erect 24-inch blades resulted in deeper cuts than the 28-inch 
blade. Blade ‘‘flopping” was most noticeable with light 
chain operated in extra high strength soils. Performance of 
disk-chains using 30-inch blades was unsatisfactory because 
of severe blade flopping (Wiedemann and Cross, 1982). 
Therefore, our preference is the 24-inch diameter blade, but 
no larger than a 28-inch blade. 


Blade spacing of 20 inches on the 2%-inch chain (every 
other link blade spacing, Table 6) and operating depths of 
2.8 inches or greater resulted in fairly level surface conditions 
following tilling. However, the 3-inch chain with 24-inch 
blade spacing and less than 3.3 inch plowing depth resulted 
in a distinctive furrow/ridge pattern which was on 21-inch 
centers. At depths greater than 4 inches the 3-inch chains 
gave more even tilling. The furrow/ridge pattern may be val- 
uable when seeding, especially in semi-arid conditions, but 
this concept has not been tested. 


Table 6. Blade spacing using the triangular pulling technique. 


Spacing (inches) 


actual operating 
15 Ss) 
20 17.4 
24 20.9 





Conclusions 
Triangular Disk-Chain 


The angle of pull selected as optimum for the triangular 
pulling technique was 60 degrees. Narrower angles resulted 
in significantly greater draft and narrower operating widths. 
The triangular technique pulled at this optimum configura- 
tion reduced the pulling force by 36 percent and increased 
the operating width by 23 percent compared to the diagonal 
method operated at its optimum position. 


A flexing joint centrally located in the rolling brace of the 
triangular system allowed the necessary vertical movement of 
the 20-inch O.D. roller to permit proper operation of the 
disk-chain when traversing rough land surfaces. The specially 
designed, flexing roller is recommended for operating widths 
over 25 feet. 


Influence of Operating Mass 


Draft of disk-chains was positively correlated to operating 
mass and each additional pound of mass increased draft by 
1.9 pounds of force. Draft was not significantly (P<0.1) 
influenced by soil cone index (soil condition). Thus the 
draft prediction equation, Y = 0.18 + 1.86X which considers 
only operating mass (X), appears valid over the broad range 
of soil conditions tested. 


Optimum operating mass per blade for disk-chains used on 
native rangeland with high strength soils (CI above 300 psi) 
is 204 Ibs/blade. Disk-chains of this mass (3-inch chain and 
24-inch disk blades) would require a pulling force of 380 
Ibs/blade + 14 (standard deviation) and would be predicted 
to operate at 3.2- to 1.8-inch depth in soils with a Cl of 
351 to 1238 psi, respectively. Disking action for this unit 
was judged good to fair in these conditions. Disk-chains with 
an operating mass below 130 pounds per blade resulted in 
unsatisfactory disking action while disk-chain masses of 130 
and 154 pounds per blade gave poor action in the above 
conditions. Disking twice with the heaviest operating mass 
would be necessary for good soil and plant disturbance in 
soils with Cl values of 1200 psi. 


Optimum operating mass for disk-chains used on native 
rangeland with low strength soils (CI less than 351 psi) is 
130 Ibs mass/blade (22-inch chain and 24-inch disk blade). 
The draft requirement of this size disk-chain in a soil with a 
Cl of 164 psi would be 242 |bs/blade and predicted depth of 
cut would be 3.6 inches. Depths close to 5 inches could be 
obtained with the 204 Ib mass/blade in this soil condition. 


Based on the broad range of soil strengths encountered in 
this study, the disk-chain with 3-inch chain and 24-inch disk 
blades would give the best overall performance. 


Expected depth of operation over a broad range of 
conditions can be predicted most accurately by the equation 
Y = 2.25 + 0.01 M — 0.002 Cl which combines the effects of 
mass (M) and cone index (Cl). 


a1 
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A Progress Report on the Disk Chain for Revegetat- 
ing Rangeland 


Robert Knudson, USDA Forest Service, Missoula Equipment 
Development Center, Missoula, MT 


The Missoula Equipment Development Center (MEDC) 
began evaluating a disk chain in 1984. Initial development 
with tillage disks welded to anchor chain was first done on 
the King Ranch in Texas and then by the Texas A&M Exper- 
iment Station in Vernon, Texas, and the USDA Forest 
Service San Dimas Equipment Development Center in 
California. The project was assigned to the Missoula Center 
and in 1984 a contract was awarded to the Texas A&M 
Experiment Station to continue development on the 

disk chain. Specifically, they were to determine the optimum 
chain and disk size and determine the operating angles of the 
implement as they relate to travel direction and draft forces. 
TAES developed equations to predict draft forces and 
cutting depth for various chain and disk sizes and soil con- 
ditions. The results are presented by H.T. Wiedemann of 
TAES in this report. 


At the same time Texas A&M Experiment Station was 
accomplishing their work, MEDC built a disk chain im- 
plement for testing by the Forest Service Intermountain 
Station Shrub Sciences Laboratory in Provo, Utah. It 
included new designs for the rolling-brace, end-bearing 
assemblies and a method of varying the rolling brace 


width. The MEDC implement featured 2 and 7/16-inch 
anchor chain and 20- to 24-inch notched disks on 
alternate chain links. The end-bearing assemblies used 
machined shafts 4 inches in diameter and tapered roller 
bearings in a sealed housing instead of the crawler- 
tractor rollers used in the Texas A&M implement. Four 
bolts, or extensions, allowed chain angles of approxi- 
mately 60°, 52° and 45°. Blade weight was about 

125 pounds per blade. Drawings are available at MEDC. 


After trials by the Intermountain Station in Utah, Nevada, 
and Idaho, the disk chain was returned to MEDC to modify 
the split roller system and 3% inch chain with disks on each 
link to provide vertical flex for the roller on uneven ground. 
Only 15 links of the large chain were used so the old chain 
(2 and 7/16-inch links, 24-inch disks on alternate links) 
could be interchanged if needed. Disk blades on each link 
reduced the distance between blades for more intense ground 
coverage, and allowed cheat grass on burned areas to be more 
efficiently removed. Blade weight is about 145 pounds or 
20 pounds per blade greater than the 2 and 7/16-inch x 
24-inch alternate link blade spacing. 





‘Split roller system. 
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The modified implement was returned to the Intermountain 
Station for evaluation in the Fall of 1985. A short-wide 
trailer was added to the system for broadcast seeding. It is 
designed to be towed by the center joint between the rollers. 
The seeders are powered by the tractor’s electrical system 
and throw seed ahead of the rollers and behind the disk 
blades. 





Drill boxes mounted over rollers. 


The tests showed the following results: 


The first and second chain links at both ends of each chain (2 
and 7/16-inch x 24-inch) were at the link-to-link contact 
point more rapidly than other center links, apparently 
because there is more flexing of the link-to-link joint at the 
ends of the chain than at the center. The two links at each 
end on both chains were welded together to eliminate 
the wear at their junction and did not degrade disking 
performance. 


The leading disk on each chain carried the greatest tilling 
load. These disks have the most severe angle of contact with 
the ground because of the curve of the chain during 
operation. The result was an occasional. break at the disk- 
to-chain weld on the leading disks. They were rewelded in 
the field. 


The one-piece rolling brace lifted the trailing end disks 
from the ground when the roller encountered ground 
irregularities. The split roller design improved the ability of 
the rollers to conform to the ground. 


A link in the middle of each chain was modified to make 
it act as a swivel. This relieved a binding tendency between 
links in turns. The inside disks have a shorter distance to 
travel than the outside links, but the chain prevents a differ- 
ence in the disk rotation rate. The swivels allow a difference 
in rotation and although the difference in rotation of the 
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chain on either side of these swivels is slight, it is enough to 
relieve the binding and substantially reduce the link-to-link 
wear. Further testing shows that link-to-link wear is not 
significant. 


The implement with these additional modifications was 
tested for green stripping (grass firebreaks) in southern 
Idaho. It worked well in eradicating cheat grass. However, 
improperly heat-treated blades were used on the 3%-inch 
chain. They were a disaster. Disk breakage and weld 
breakage were continual. Disks must be “martempered”’ 
or “‘austempered”, not ‘“‘quenched and tempered.” The 
small trailer was too light and it bounced over the disked 
ground so much that it broke the seeder mounts. Drill 
boxes were mounted over the rollers to correct the 
problem. 


In FY 1987 the BLM Boise District funded MEDC to build a 
different disk chain. Two rollers will each be attached toa 
frame that will carry grass seed drill boxes over each roller. 
The boxes will drop the seed onto the rollers and then onto 
the ground as the rollers turn. The seed will be pressed into 
the soil surface by the rollers. The drill boxes will be 
powered by wheels that ride on the rollers. Each assembly 
will have three seed boxes—one for fluffy or trashy seed, one 
for small smooth seed like alfalfa, and one for cool season 
grass seed. The frame will also carry the end bearings for the 
rollers. These will be commercial heavy-duty flange blocks 
rather than the shop-made assemblies. 


The BLM Boise District shop is building the disk chain 
assemblies. These will feature a bolt-on disk arrangement 
rather than the cut-and-weld attachment. Delivery is 
scheduled for October 1987. 


The new implement will be extensively tested in various field 
conditions and results will be renorted. 





Disk chains are effective tools for preparing rangeland for seeding. 


Information and Publications 


Dick Hallman, Chairman, USDA Forest Service, Equipmen 
Development Center, Missoula, Montana 


Activities 


1. The VREW 40th Annual Report on the February 9-1( 
1986, Orlando, Florida, meeting was prepared and 2,500 
copies were printed and distributed. 


2. The agenda for the 41st annual meeting, February 8-S 
1987, in Boise, Idaho, was prepared and distributed. 


3. The VREW slide program has been updated. The pre- 
sentation describes how VREW started, how it is organized, 
and it describes some of the many accomplishments. 


4. The Missoula Equipment Development Center has been 
funded by the VREW to prepare and publish a four-volume 
Range Structural Habitat Improvement Handbook. The 
volumes are: 


@ Fences 

Handling, Trailing, and Sheltering Livestock 
@ Water—Pumping and Piping 

@ Water—Damming and Storing 





Log Worm fence. 


Jack Leg fence. 
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Equipment Development and Test Funding 
Planning and Budgeting Procedure 


For many years the “Range Reseeding Committee” was an 
informal group, meeting each year to exchange information 
on work of mutual interest and to develop project pro- 
posals for work to be done by Equipment Development 
Centers or field units. The proposals were written, estimated 
for cost, and finalized ‘‘on the spot.” Informal, but it seemed 
to work! 


Today there are demands being placed on us to plan in 
detail 2 years in advance, and in general 5 to 10 years ahead. 
This does take away some of the informality of the operation 
and dictates the need for a more organized approach to the 
preparation and submittal of project proposals. Figure 1 
shows a plan by which we can meet our budgeting dates. It 
provides a mechanism whereby the Equipment Development 
Centers can stay with the budget process of the Forest 
Service. 


The other aspect of our planning procedure is a more uni- 
form format for project proposals. Figure 2 is a suggested 
guideline for proposals. Following this guide will help all 
concerned in preparing and reviewing proposals. It should 
make the flow of information more efficient and provide a 
much better story for those who must analyze needs, prepare 
programs, and assign priorities. 


We hope that everyone associated with the Vegetative 
Rehabilitation and Equipment Workshop will cooperate in 
this more formal approach. It should be an aid to everyone. 
If any questions arise or there is a need for help in this 
process, call the Centers or the Washington Office. 


Project Proposal Processing 


Workgroups Agencies 












Members at Large 






























July 
Exploratory 
Workgroup HGGRR8G888888) Formal call for proposals 
Meetings 
Aug. 
y Workgroups \nuneeeeaeeasi| Prepare proposals— 
Oct. submit to VREW Chairman 
| VREW Submit proposals to FS. 
Nid : Beeeeeeeeanes) Engineering, Technological 
Chairman 
Improvements (T1) 
Jan. FS Engineering nosseuesenesg Develop tentative program; 
TI to VREW Chairman for review 
Feb. 
VREW VREW review of 
Annual SESBERSSB8888) Kroposed program 
Meeting 
March VREW Return proposed program 
Chotonan TTT TTT TT with comments to FS 
Engineering 
: FS 
April ‘ ; Propose program to FS 
Engineering \SORUGGRRRBOD! puget tain 
FS Target date to 








Figure 1.—Project proposal processing. 
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(PROJECT PROPOSAL FORMAT) 







EQUIPMENT DEVELOPMENT AND TEST PROJECT PROPOSAL FOR FY 





ED&T Project No. (Leave Blank) 


Date 
Primary Interest: 








(TITLE) 
- (The title should be brief and indicative of project objectives. ) 







PROBLEM STATEMENT AND OVERALL OBJECTIVES 


- (State the problem and describe how the work ts currently being done. 
Tell what equipment, materials, or methods are used, and why change or 
improvement is needed. Show significant advantages and potential 
savings, such as: increased production or efficiency, property or 
human hazard reductton, reduced maintenance, and publte demand or 
reactton. ) 









- (State the overall objectives. What ts to be accomplished or what is 
to be achieved by this project?) 






- (Include anendnents to the problem statement and overall objectives, 
tf necessary (for completion by the Development Centers for applicable 
continuing projects only). The statements of the original problem and 
objeettves should not be changed. If there ts a change in emphasis, 
add revised problem statements and objectives here.) 

















SPECIFIC REQUIREMENTS 


- (Distinguish between minimum requirements and those which are desired 
Lut not essential. Deseribe features required or specify performance 
characteristics. Where more information will be needed but cannot be 
furnished, list ttems that should be explored.) 


PRIOR DEVELOPMENT 


- (Briefly describe work already completed or underway whitch ts related 
to thts project. On new projects, thts work will generally have been 
done by other persons or organizations or under other equipment develop- 
ment projects. For a continutng project, tell when it started and 
briefly state major accomplishments, and actions planned for completion 
in the current fiscal year. Reference the overall project time frame 
and total cost esttmate tf previously made and tf applicable, prior 
reports and publticattons. ) 






PROJECT ORIGIN 






- (Show the name, organization, ete. of persons originating the project 
and preparing the project proposal.) 






Figure 2._Format for project proposal. 
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Number 


7E72D22 
5E42D31 
TE02015 


FY 1987 Program 
Missoula Equipment Development Center 


Project 


VREW Information Workgroup Support 
Range Structural Equipment Handbook 
Technical Services, Range 


Amount 
$ 24,000 


42,000 
18,000 


$ 84,000 





Below are titles of reports on a variety of range rehabilita- 
tion topics, as well as a list of range equipment fabrication 
drawings. These materials have been produced by the Forest 
Service Equipment Development Centers at Missoula 
(MEDC) and San Dimas (SDEDC) and may be of interest to 
workshop members. Single copies of the reports are avail- 
able without charge by writing to the appropriate Center. 
Some drawings are available without cost also; there may be 
a small charge for others. 


Forest Service, USDA 
Equipment Development Center 
Bldg. 1, Fort Missoula 

Missoula, MT 59801 


Forest Service, USDA 

Equipment Development Center 

444 East Bonita Ave. 

San Dimas, CA 91773 
The list of publications includes Equip Tips, concise reports 
dealing with new equipment, new uses for equipment, and 
similar topics; Equipment Development & Test (ED&T) 
Reports, documenting major development studies; Project 
Reports, describing the technical details of development 
work, including procedures, results, conclusions, and 
recommendations; a number of special reports, ASAE papers, 
and service manuals are listed under ‘Other Reports.” 
Equip Tips 


Tractor-Mounted Scalpers for Site Preparation, April 
1986—MEDC 


Cable Scarifier for Site Preparation, April 1986—-MEDC 
Better Handtools for Site Preparation, Sept. 1985—MEDC 
Hydraulic Post Puller, Aug. 1984—MEDC 


Bitterroot Miniyarder for Light Forest Materials, May 1983— 
MEDC 


Small Yarder for Steep Terrain, May 1981—MEDC 
Resource Publications, Dec. 1980—MEDC 

Proper Use of Fusees, Feb. 1980—MEDC 

Improved Aerial Ignition System, Jan. 1980—MEDC 


Protecting Western Conifer Seedlings, May 1979-MEDC 


Range Publications and Drawings 


Steep-Slope Seeder for Roadside Slope Revegetation, Feb. 
1979—SDEDC 


Improved Method for Joining Plastic Pipe, Dec. 1978—MEDC 
Seed Dribblers (revision no. 1), July 1977—SDEDC 

Spray Boom Assembly, July 1972—SDEDC 

Plastic Pipe Laying Machinery, Jan. 1966—SDEDC 


Browse Seeder with 20-inch Scalpers, Jan. 1965—SDEDC 


ED&T Reports 


Catalytic Converter Exhaust System Temperature Tests, 
Feb. 1977—SDEDC 


Slash... Equipment and Methods for Treatment and 
Utilization, April 1975—SDEDC 


Clearing, Grubbing, and Disposing of Road Construction 
Slash, Oct. 1976—SDEDC 


Roadside Slope Revetation, June 1974—SDEDC 
Flexible Downdrains, Jan. 1974—SDEDC 


Tractor Attachments for Brush, Slash, and Root Removal, 
Jan. 1971—SDEDC 


Results of Field Trials of the Tree Eater, Jan. 1970—SDEDC 
Forestland Tree Planter, Sept. 1967—SDEDC 


Pine Seed Drill, Sept. 1967—SDEDC 


Project Reports 


Revegetating Slopes with Geotextiles and Geogrid Systems, 
Sept 1985—MEDC 


Premo Mark III Aerial Ignition System, May 1985—MEDC 


Range Water Pumping Systems—State-of-the-Art-Review, 
Feb. 1985—SDEDC 


Field Equipment for Precommercial Thinning and Slash 
Treatment, Jan. 1984—SDEDC 


Analysis of Spray Deposit Cards Sensitive to Nondyed 
Sprays, Feb. 1984—MEDC 
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Preventing Livestock Water from Freezing, Nov. 1983— 
SDEDC 


Rangeland Fencing Systems State-of-the-Art Review, Oct. 
1983—SDEDC 


Evaluation of the Pettibone Slashmaster Model 900 for Site 
Preparation in the Lake States, Feb. 1983—SDEDC 


Dryland Plug Planter, Dec. 1982—MEDC 


Tree-Planting Machine—How Much Can You Afford to Pay 
for One? June 1981—SDEDC 


Sod Mover Bucket, Dec. 1980—MEDC 


Tree/Shrub Planter for Roadside Revegetation, Oct. 1980— 
SDEDC 


Observations on Operations of the Pettibone Hydro-Slasher 
PM 800, Feb. 1980—SDEDC 


Basin Blade for Disturbed Land Revegetation, Nov. 1979— 
MEDC 


Plastic Tubes for Protecting Seedlings from Browsing 
Wildlife, July 1979—MEDC 


Mulching-Tilling Equipment for Soil Conditioning, Jan. 
1979—MEDC 


Evaluating Methods for Joining Polyethylene Pipe, Dec. 
1978—MEDC 


A Transplant System for Revegetating Surface Mined Lands, 
Nov. 1978—MEDC 


Grapples for Forest Residues Concentration and Removal, 
Oct. 1978—SDEDC 


Field Equipment for Precommercial Thinning and Slash 
Treatment, July 1978—SDEDC 


Modified Hodder Gouger, Dec. 1977-MEDC 


An Investigation of Equipment for Rejuvenating Browse, 
Aug. 1977—MEDC 


Survey of High-Production Grass Seed Collectors, Jan. 
1977—SDEDC 


Remote Sensing for Big Game Counts, Dec. 1976—MEDC 


Evaluation of the Vermeer Model TS-44A Tree Spade for 
Transplanting Trees on Surface Mined Land, Feb. 
1976—MEDC 

Wildlife Habitat Management Needs, Oct. 1975—MEDC 


Using Heat for Sagebrush Control, Feb. 1972—MEDC 


Other Reports 


Facilities for Handling, Sheltering, and Trailing Livestock, 
June 1987—MEDC 


40th Annual Report—Vegetative Rehabilitation and 
Equipment Workshop, Aug. 1986—MEDC 


38th Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, Dec. 1985—MEDC 


Low-Cost Diagonal Fence Strainer (ASAE paper No. 
84-1624), Dec. 1984—SDEDC 


Improved and New Water Pumping Windmills (ASAE paper 
No. 84-1625), Dec. 1984—SDEDC 


38th Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, Nov. 1984—MEDC 


Reclaiming Disturbed Lands, Nov. 1984—MEDC 
Manual of Revegetation Techniques, May 1984—MEDC 


37th Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, Oct. 1983—MEDC 


Development of a Containerized Shrub Injection Planter 
Attachment for a Backhoe—A Prospectus, Jan. 1983— 
SDEDC 


Dryland Plug Planter—Operator’s Manual, Jan. 1983—MEDC 


History of the Vegetative Rehabilitation and Equipment 
Workshop (VREW) 1946-1981, Dec. 1982—MEDC 


36th Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, Sept. 1982—MEDC 


Punch Seeder for Arid and Semiarid Rangelands—A Prospec- 
tus, Sept. 1982—SDEDC 


Development of a Disk-Chain Implement for Seedbed 
Preparation on Rangeland—A Prospectus, July 1982— 
SDEDC 


Arid Land Seeder Development—A Prospectus, July 1982— 
SDEDC 


Equipment for Containerized Tree Seedlings, July 1982— 
MEDC 


Catalog for Hand Planting Tools, May 1982—MEDC 
Sources of Seed and Planting Stock, Oct. 1981—MEDC 
Sod Mover Operator’s Manual, Feb. 1981—MEDC 
Development of a Rangeland Interseeder for Rocky and 


Brushy Terrain (ASAE paper 80-1552), Dec. 1980— 
SDEDC 


Equipment for Reforestation and Timber Stand 
Improvement, Oct. 1980—Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402; Request Stock No. 001-001-00563-1 ; $6.50 


34th Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, Sept. 1980—MEDC 


Modified Basin Blade—Operator’s Manual, Mar. 1980—MEDC 

Sodder brochure, Mar. 1980—MEDC 

Basin Blade brochure, Mar. 1980—MEDC 

Mulching-Tilling System brochure, Mar. 1980—MEDC 

Transplanting System brochure, Mar. 1980—MEDC 

Sprigger brochure, Feb. 1980—MEDC 

Dryland Plug Planter brochure, Feb. 1980—MEDC 

Revegetation Equipment Catalog, Feb. 1980—MEDC 

Agricultural Engineer’s Role in Rangeland Improvement 
and Rehabilitation Equipment (ASAE paper 79-161), 
Dec. 1979—SDEDC 


Observations on Operations of a Residue Shredder and a 
Brush Harvester, Sept. 1979-SDEDC 


33rd Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, July 1979—MEDC 


Front-End Loader Tree Spade, Manual Supplement, Feb. 
1979—MEDC 


35th Annual Report—Vegetative Rehabilitation and Equip- 
ment Workshop, Sept. 1981—MEDC (Available from 
National Technical Information Service (NTIS) U.S. 
Department of Commerce, Springfield, VA 22161 for 
$10.50 in paper and $4.00 in microfiche.) 


Concepts—Sod Mover, Aug. 1978—MEDC 


Aerial Burning Equipment for Plant Control, Feb. 
1977—MEDC 


Handbook—Equipment for Reclaiming Strip Mined Land, 
Feb. 1977—MEDC 


Rangeland Drill Operations Handbook, BLM Tech. Note 
289, Sept. 1976-SDEDC 


Evaluation of the ‘‘Vari-Dozer,” Feb. 1974—SDEDC 


Investigation of Selected Problems in Range Habitat 
Improvement, Feb. 1974—SDEDC 


History—Range Seeding Equipment Committee 1946-1973, 
Jan. 1974—MEDC 


Results: 1972 Range Improvement Survey (27th annual 
Range Seeding Equipment Committee report), Feb. 
1973—MEDC 


Implement-Carrying Hitch for Forestry Use (ASAE paper), 
Dec. 1972—SDEDC 


Efficiency and Economy of an Air Curtain Destructor Used 
for Slash Disposal in the Northwest (ASAE paper), Dec. 
1972—SDEDC 


Service & Parts Manual for the Contour Furrower Model RM 
25, June 1970—SDEDC 


Service & Parts Manual for the Brushland Plow, June 1968— 
SDEDC 


Service & Parts Manual for the Rangeland Drill Models 
PD-10x6 and B-20x6, Aug. 1967—SDEDC 
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Other Publications of Interest to VREW 


Private Water Systems Handbook, Midwest Plan Service, 
lowa State University, Ames, [A 50011. $2.50 


Water Systems Handbook (7th Edition), Water Systems 
Council, 221 North LaSalle St., Chicago, IL 60601. $6 


Water Well Handbook, Keith E. Anderson, Missouri Water 
Well and Pump Contractors Association, Inc., P.O. Box 
517, Belle, MO 65013. $10 


Evaluation of Pumps and Motors for Photovoltaic Water 
Pumping Systems, David Waddington and A. Herievich, 
Solar Energy Research Institute. Available from National 
Technical Information Service, U.S. Department of 
Commerce, 5285 Port Royal Rd., Springfield, VA 22161. 
$3 microfiche; $5.25 printed copy 


Rangeland Drill, reprint from “‘Rangelands,” vol. 4, no. 3, 
June 1982 


Glossary of Surface Mining and Reclamation Terminology, 
Bituminous Coal Research, Inc., 350 Hochberg Rd., 
P.O. Box 278, Monroeville, PA 15146. (412) 327-1600. 
$2 


Range Development and Improvements, 2nd edition, J.F. 
Vallentine, 1980. Brigham Young University Press, Provo, 
UT 84602. 545 pp. $18.95 

How to Build Fences with Max-ten 2—High Tensil Fence 
Wire, U.S. Steel Corp., P.O. Box 86 (C-1424), Pittsburgh, 
PA 15230. $5 plus $1.50 postage and handling 

How to Design An Independent Power System, Terrance D. 
Paul, Best Energy Systems for Tomorrow, Inc., P.O. Box 


280, Necedah, WI 54646, (608) 565-7200. $4.95 


From American Association for Vocational Instructional 
Materials (AAVIM) Engineering Center, Athens, GA 30602: 


Planning for an Individual Water System, No. 600, $6.95 
Planning Fences, No. 404, $4.25 
Building Fences, No. 405, $4.25 


(For orders less than $10 add $1 for postage and handling; 
for orders over $10 add 8 percent for postage and handling.) 
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Range and Pasture Seeding in the Southern Great Plains, 
Proceedings of a symposium on the newest grasses, seed- 
ing techniques, and seed harvesting/processing equipment, 
Oct. 19, 1983, Vernon, TX 76384, Texas A&M Univ., 
Agricultural Research and Extension Center, Vernon, TX, 
115 pages, $5.00. Order Seeding Proceedings Attn: Harold 
Wiedemann, Texas Agricultural Experiment Station, 
P.O. Box 1658, Vernon, TX 76384 


Windmills and Pumps of the Southwest, Dick Hays and Bill 
Allen, Eakin Press, PO. Box 23066, Austin, TX 78735, 
110 pp. $7.95 


Electric Fencing for Rangelands, Special Series 27, Colorado 
State Univ., Agricultural Experiment Station, Fort 
Collins, CO. Order from Bulletin Room, Colorado State 
Univ., Fort Collins, CO 80523, (303) 491-6198, $3.25 
post paid 


Small-Scale Solar-Powered Pumping System: The 
Technology, Its Economics and Advancement; main 
report by Sir William Halcrow and Partners in association 
with Intermediate Technology Power, Ltd., for the World 
Bank under project UNDP Project GLO/80/003, June 
1983 


Farm Show, published bimonthy by Farm Show Publishing, 
P.O. Box 704, Lakeville, MN 55044, (612) 469-5572, 
$9.95/year 


Drawings at SDEDC 
Pipe Harrow, RM1-01 and 02 
Brushland Plow, RM2-01 to 22 


Oregon Press Seeder Assembly (not complete), RM 19-01 
to 07 


Plastic Pipe Layer Assembly, RM21-01 to 03 

Reel for Laying Plastic Pipe, RM24-01 

Contour Furrower, RM25-01 to 14 

Rangeland Drill Deep Furrowing Arms, RM26-46 to 61 
Steep-Slope Seeder, RM33-01 to 18 


Demonstration Interseeder for Rocky and Brushy Areas, 
RM35-01 to 09 


Drawings at MEDC 

B.C. Drag Chain Scarifier, No. 790 

Disk Chain Implement, Nol 757 

Optional Dryland Sodder Bucket, No. 682 
Sprig Spreader, No. 652 

Sprig Harvester, No. 651 

Dryland Sodder, No. 631 

Tubeling Planter, No. 628 

Basin Blade, No. 619 

Horse Trap Trigger, No. 618 

Mulch Spreader, No. 611 

Tree Transport Container, No. 604 

Tree Transplant Trailer, No. 602 

Modified Hodder Gouger, No. 583 

Dixie Sager and Modified Ely Chain, No. 568 


Incendiary Grenade Dispenser, No. 522 
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Attendance at Annual Meetings 


Meeting 


Date 


Dec 1946 
Dec 1947 
Jan 1949 
Dec 1949 
Jan 1951 
Jan 1952 
Jan 1953 
Jan 1954 
Jan 1955 
Jan 1956 
Jan 1957 
Jan 1958 
Jan 1959 
Jan 1960 
Jan 1961 
Jan 1962 
Jan 1963 
Jan 1964 
Jan 1965 
Feb 1966 
Feb 1967 
Feb 1968 
Feb 1969 
Feb 1970 
Feb 1971 
Feb 1972 
Feb 1973 
Feb 1974 
Feb 1975 
Feb 1976 
Feb 1977 
Feb 1978 
Feb 1979 
Feb 1980 
Feb 1981 
Feb 1982 
Feb 1983 
Feb 1984 
Feb 1985 
Feb 1986 
Feb 1987 


Place 


Portland? 
Ogden! 
Denver 
Ogden? 
Billings 
Boise 
Albuquerque 
Omaha 

San Jose 
Denver 
Great Falls 
Phoenix 
Tulsa 
Portland 
Salt Lake City 
Corpus Christi 
Rapid City 
Wichita 

Las Vegas 
New Orleans 
Seattle 
Albuquerque 
Great Falls? 
Denver 
Reno 

Wash., D.C. 
Boise 
Tucson 

EI Paso? 
Omaha 
Portland 

San Antonio 
Casper 

San Diego 
Tulsa 
Denver? 
Albuquerque 
Rapid City 
Salt Lake City 
Orlando 
Boise 


Presiding Chairman 


Joseph F. Pechanec 


A.C. Hull 


” 


” 


W.W.Dresskell 
William D. Hurst 


” ” 


Frank C. Curtis 


Frank Smith 


” ” 


John Forsman 


Bill F. Currier 
Stan Tixier 


” ” 


Vern L. Thompson 


” ” 


Ted Russell 


Randall R. Hall 


” ”» 


Gerald Henke 


” ” 


Federal Gov’t 


15 
22 
34 
45 
75 
63 
62 
86 
95 
87 
84 
98 
123 
58 
52 
61 
77 
47 
58 
84 
46 
81 
74 
48 
60 
61 
49 
50 
63 
68 
74 
oF 
56 
60 
119 
95 
110 
41 
94 


? Meeting not in conjunction with Society for Range Management meeting. 


Participants 


State Gov’t 
0 0 
0 0 
0 0 
0 0 
5 0 
9 0 
15 9 
8 5 
10 4 
he 1 
10 4 
9 3 
5 2 
10 3 
11 14 
5 7 
6 1 
10 5 
8 6 
8 5 
10 4 
16 3 
3 13: 
8 11 
6 15 
BS 6 
7 Zz 
2 10 
9 lot 
a7 12 
26 31 
26 a5 
35 12 
44 88 
35 Adil 
18 68 
82 96 
22 49 
46 85 
Si 29 
35 34 


Private 


Foreign Total 


_ 


—_— 
Hoo-FDAPDRON OC] C$ COC oS | HWSO CO b= US OO CO.C O° 


=“ po — 
nan bd 


“sw 


oO 


22 
39 
54 
100 
719 
Td, 
101 
109 
99 
91 
114 
150 
71 
59 
76 
91 
61 
72 
114 
61 
100 
Qi) 
57 
78 
97 
70 
79 
130 
135: 
193 
250 
218 
151 
306 
173 
254 
114 
168 


Persons interested in participating in the activities of a 
workgroup are encouraged to write or call the workgroup 


chairman about their interest. 


Information and Publications 


Dick Hallman, Chairman, FS 


Missoula Equipment Development Center 


Bldg. 1, Fort Missoula 
Missoula, MT 59801 


Dan W. McKenzie, FS 
San Dimas, CA 


Dan Merkel, Ext. Serv. 
Washington, DC 


Ted B. Doerr 
Army Corps of Engineers 
Vicksburg, MS 


Bill Hardman, FS 
Missoula, MT 


Ray Dalen, FS 
Albuquerque, NM 


Sam Miller, BIA 
Washington, DC 


William G. Leavell, BLM 
Portland, OR 


Sam Halverson, FS S$ 
Atlanta, GA 


Mel George 
Cooperative Extension 
University of California 
Davis, CA 


Seeding and Planting 


William J. McGinnies, Chairman, ARS 
Crops Research Laboratory 

Colorado State University 

Fort Collins, CO 80523 


Art Armbrust 
Sharp Bros. Seed Co. 
Healy, KS 


Jack Bohning, FS 
Prescott, AZ 


Terry Booth, ARS 
Cheyenne, WY 


Van Elsbernd, FS 
Prineville, OR 


Victor Hauser, ARS 
Temple, TX 


Marshall Haferkamp 
Oregon State University 
Burns, OR 


Roy Laird 
Laird Welding & Manufacturing Works 
Merced, CA 


Walter J. Moden, Jr. 
University of Idaho 
Moscow, ID 


Steve Monsen, FS 
Provo, UT 


Ivan Porter SCS 
Phoenix, AZ 


Richard Stevens 
Utah Div. of Wildlife Resources 
Ephraim, UT 


Duane Whitmer, BLM 
Billings, Mt 


1987 Workgroups 


Arid Land Seeding 


Harold Wiedemann, Chairman 
Texas Agric. Exp. Stn. 

Box 1658 

Vernon, TX 76384 


Dr. George Abernathy 
New Mexico State University 
Las Cruces, NM 


Jerry Cox, ARS 
Tucson, AZ 


Phillip L. Dittberner, FWS 
Ft. Collins, CO 


Carlton H. Herbel, ARS 
Las Cruces, NM 


John Tye 
The Tye Co. 
Lockney, TX 


Kay James 
Boulder, CO 


William Osborne 
Salmon, ID 


Ken McMullen 
Colorado State University 
Ft. Collins, CO 


A. Adila 
Utah State University 
Logan, UT 


Mike Pellant, BLM 
Boise, ID 


Earl Aldon, FS 
Albuquerque, NM 


Ray Dalen, FS 
Albuquerque, NM 


Robert Dixon, ARS 
Tucson, AZ 


Dan McKenzie, FS 
San Dimas, CA 
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Clint Wasser 
Ft. Collins, CO 


Tom Colbert 


Intermountain Soils, Inc. 


Denver, CO 


Patrick O’Donnell, FS 
Newcastle, WY 


J. Edward Lurbrugg 
Billings, MT 


Clem Parker 
Hayden, CO 


J.F. Cadenhead, TAEX 
Vernon, TX 


Chet Dewald, ARS 
Woodward, OK 


Vic Hauser, ARS 
Temple, TX 


Wendall R. Oaks, SCS 
Los Lunas, NM 


Jim Rubino 
Laramie, WY 


Neil West 
Utah State University 
Logan, UT 


Lynn Burton 
Stomley, ID 


Bruce Roundy 
Reno, NV 


Bud Cribley, BLM 
Escalante, UT 
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Plant Materials 


Wendall Oaks, Chairman, SCS 
Plant Materials Center 

1036 Miller St. 

Los Lunas, NM 87031 


Art Armbrust 
Sharp Brothers Seed Co. 
Healy, KS 


Marshall Haferkamp 
Texas A & M University 
College Station, TX 


Russ Lorenz, SEA 
Mandan, ND 


Paul Voigt, SEA-AR 
Temple, TX 


Neil Vansant, BLM 
Washington, DC 


Ken Vogel 
University of Nebraska 
Lincoln, NE 


Seed Harvesting 


Stephen B. Monsen, Chairman, FS 
Shrub Sciences Laboratory 

735 North 500 East 

Provo, UT 84601 


Wendall R. Oaks, SCS 
Los Lunas, NM 


Jim Halderson, SCS 
Aberdeen, ID 


Charles G. Howard, SCS 
Aberdeen, ID 


Sam Stranathan, SCS 
Meeker, CO 


Richard Stevens 
Utah Div. of Wildlife Resources 
Ephraim, UT 


Joseph G. Fraser 
New Mexico State University 
Los Lunas, NM 


Kent R. Jorgensen 
Utah Div. of Wildlife Resources 
Ephraim, UT 


Garrell Massey, SCS 
Meeker, CO 


Disturbed Land Reclamation 


James L. Smith, Chairman, Western 
Subgroup 

Agricultural Engineering Dept. 

University of Wyoming 

Box 3295, University Station 

Laramie, WY 82071 


Willis Vogel, Chairman, Eastern 
Subgroup 

USDA, FS 

Northeastern Forest Exp. Station 

Rt. 2, Highway 21 East 

Berea, KY 40403 


Eric N. Andersen 
Yakima Firing Center 
Yakima, WA 


John Andes, FS 
Dickinson, ND 


S.A. Bengson 
ASARCO, Inc. 
Sahuarita, AZ 


John H. Brock 
Arizona State University 
Tempe, AZ 


Don Calhoun 
D&C Reclamation 
Lander, WY 


Kent A. Crofts 
Getty Mining Co. 
Oak Creek, CO 


Robert Curley 
Window Rock, AZ 


Samuel K. Dickinson 

Iron Range Resources and 
Rehabilitation Board 

Calumet, MN 


Bruce C. Finkbiner 
Meadowlark Farms, Inc. 
Sullivan, IN 


Brent Handley 
Dickinson, ND 


B. Austin Haws Thermal Plant Control 


Utah State University 


Logan UT Bill DAvis, Chairman, FS 
Federal Bldg. 
Danny L. Koon 324 25th St. 


Madisonville Community College Ogden, UT 84401 


Madisonville, KY 
Dick Hallman, FS 


Mark S. Love Missoula, MT 
Colorado Dept. of Natural Resources 
Denver, CO Sam Miller, BIA 


Washington, DC 
Wendall R. Oaks. SCS 


Los Lunas, NM Glen Secris, BLM 


Boise, ID 

Steve Regele 

Montana Dept. of State Lands Dale Rollins 

Billings, MT Oklahoma State University 
Stillwater, OK 

Tom Richards 

University of Kentucky Brad Russell 

Lexington, KY Cody, WY 


Gerald E. Schuman, ARS 
Cheyenne, WY 


Gene Smalley 
Jackson, WY 


C. Kenneth Spurlock 
Kentucky Reclamation Assn. 
Middlesboro, KY 


J. Edward Surbrugg 
Montana Dept. of State Lands 
Billings, MT 


Darrell N. Ueckert 
Texas Agricultural Experiment Station 
San Angelo, TX 


Hal Vosen, BLM 
Miles City, MT 


Neil E. West 
Utah State University 
Logan, UT 


Ben H. Wolcott 
P&M Coal Mining Co. 
Gallup, NM 
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Mechanical Plant Control 


Gus Juarez, Chairman, BLM 
764 Horizon Dr. 
Grand Junction, CO 81501 


Car! Holt, FS 
Atlanta, GA 


Dan W. McKenzie, FS 
San Dimas, CA 


Carol Nelson 
National Hydro-Ax 
Owatonna, MN 


D.B. Polk 
Private Consultant 
Bellton, TX 


Walt Turner 
Calif. Dept. of Forestry 
Riverside, CA 


Warren Sandau, BLM 
Portland, OR 


Walt Hanks, FS 
Elko, NV 
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Chemical Plant Control 


Ray Dalen, Chairman, FS 
517 Gold Ave. SW 
Albuquerque, NM 87102 


Fred Bouse, ARS 
College Station, TX 


Dick Hallman, FS 
Missoula, MT 


Harland Dietz, SCS 
Fort Worth, TX 


Lewis (Buck) Waters, BLM 
Washington, DC 


Howard Morton, ARS 
Tucson, AZ 


Structural Range Improvements 


Bill Hardman, Chairman, FS 
P.O. Box 7669 
Missoula, MT 59807 


Dr. Dennis Childs 
Windrock International 
Morrilton, AR 


Harlan DeGarmo, SCS 
Lincoln, NE 


Bob Wagner, BLM 
Denver, CO 


J.F. Cadenhead, TAEX 
Vernon, TX 
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